CORNELL 

UNIVERSITY 

LIBRARY 




Cornell University Library 
TC 917.b87 

The Delta barrage of lower EgYPt/ 



3 1924 022 884 443 o,™.o..i j 




XI 



Cornell University 
Library 



The original of this book is in 
the Cornell University Library. 

There are no known copyright restrictions in 
the United States on the use of the text. 



http://www.archive.org/details/cu31924022884443 



THE DELTA BARRAGE 



Frontispiece. 




THE 



DELTA BARRAaE 



OF 



LOWER EGYPT 

BY 

MAJOR R. H. BROWN, C.M.G., (Late R.E.) 

WITH Alf INTROnVCTION BY 
SIR WILLIAM GARSTIN, K.C.M.G., 

UNDER SECRETAEY OF STATE FOR PUBLIC WORKS, EGYPT. 



" Better is the end of a thing 
than the beginning thereof." 



CAIRO 

NATIONAL PRINTING DEPARTMENT 
1902 

KB 



" Son of man, say unto Pharaoh, king o£ Egypt, and to his multitude ; 
whom art thou like in thy greatness ? Behold, the Assyrian was a cedar in 
Lebanon with fair branches, and with a shadowing shroud, and of an high 
stature ; and his top was among the thick boughs. The waters nourished him, 
the deep made him to grow : her rivers ran about her plantation ; and she 
sent out her channels unto all the trees of the field. Therefore his stature was 
exalted above all the trees of the field ; and his boughs were multiplied, and 
his branches became long by reason of many waters, when he shot them 
forth. **** Thus was he fair in his greatness, in the length of his branches: 
for his root was by many waters." 

EzEKiEL, xxxi, 2-5, and 7. R. V. 



AUTHOR'S PREFACE. 



Some years ago I published in Cairo, under the title of *" History 
of the Barrage," all the information I had been able to collect about 
the great irrigation "Work at the head of the Delta of Egypt. That 
record ended with July 1896. Since then, it is no longer sufficient 
to speak of the subject of this book as " The Barrage," for a rival 
has grown almost to full stature at Assiout. I have, therefore, 
entitled it — " The Delta Barrage." It is known to the Arabs as 
" Foum el Bahr," the Mouth of the River, or " Kanatir el Khairiyah," 
the Bridges of Welfare. 

Since July 1896 also, important operations for the further 
strengthening of the foundations of the Barrage itself have been 
carried out, and subsidiary weirs have been built a short distance 
below it, with the object of not only relieving the original work of 
some of the strain it was called upon to bear, but also of increasing 
its utility by enabling it to get more work out of the river supply. 
The first part of this account is to a great extent a repetition of the 
earlier publication, but the latter part deals with more recent history, 
bringuig the record up to date. 

The life history of the Barrage is no common engineering biography. 
It is a history with a moral, and should be accepted by all concerned 
with hydraulic work as a warning to be careful that there is nothing 
scamped below water and out of sight : for, as soon as the test of 
active service comes, water, according to the laws of its nature, will 

* History of the Ba7-rage, pub, F. Diemer, Cairo. 
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search for the weak spot, and the scamping ^^■ill be found out 
deceptive massiveness of an imposing superstructure ^Yi\l avail nothmg. 
An American gentleman, who, not long ago, used to haunt Can-o 
regularl}^ iji the winter, and who was famous for his power of sustain- 
ing conversation shigle handed beyond the ordinary limits, amused 
himself at times by entertaining his listeners with some interesting 
particulars about a Countess with a romantic name that has escaped 
my memory. This lady, he explained, had an elliptical soul A\'ith an 
orbit of 5,800 years or thereabouts. The eccentric and the elliptical 
orbits intersected in Paris about the year 1890 A.D. j and the American 
gentleman learnt from his friend, the Countess, that, during her 
previous existence on this planet, about 3,900 B.C., she was present at 
the building of the Pyramids ; so that she was able to affirm that 
they were constructed " from the top downwards and from the inside 
outwards." Now, it is not my business to explain this dark saying 
as applied to the Pyramids ; but I have recalled what a reputed eye- 
witness had to say of the manner of building them, as it appears that 
the description of the process applies to the manner of building the 
Barrage. For, after 1861, when the work was supposed to be finished, 
it was found, by the many experts who examined it, to have a super- 
structure of sound make, but an underlying platform so defective as 
to be practically no foundation at all. And so it came about that the 
superstructure, years after it was built, was given secure foundations 
by forming an upper and enveloping layer of sound masonry over 
and beyond the defective material of the original attempt at a sub- 
structure ; and that, later still, the loose material below was compacted 
together from within by cement-grout. So that we have first a sound 
superstructure resting on insecure foundations: then a sound upper 
layer is added over the defectixe floor: and lastly the substructure 
that was defective, is rendered sound by the introduction of a cementing 
material for the want of which the floor had no right at all to be 



considered foundations. And, moreoA'er, the cement grout was intro- 
duced from the top downwards and worked its way from the inside 
outwacds ,for it was poured down internal bores from the xerj top of 
the finished work to the underside of the lowest lying stratum of the 
foundations to work its way outwards in all directions from the 
bottom of the bore between the loose particles of the disintegrated 
concrete that all above was built upon. 

It is not to be expected that a work on such a subject as the 
Barrage can be made sufficiently light for the particular variety of 
Egypt's visitors whose mental digestion is upset by all descriptions of 
solid food. By such the Barrage will be looked upon as a pleasant 
spot for a day's picnic and that is all. 

A primrose 1)}- the river's brim, 
A yellow primrose was to him, — 
And it was nothing more. 

But there are residents in Egypt, and a different variety of visitors, 
■who take an intelligent interest in all that makes for the well-being 
of the country, and who do not limit their attention to the Monuments 
of the Past and the teaching of the Guide Books. It is a matter of 
taste : some find their pleasure in Zoological Gardens and Agricultural 
Shows ; others in fossil collections and relics of the Palasolithic. I have 
hopes that those with a living interest may read this account and take 
pleasure therein, or at least may learn something they did not know 
before. 

Even the Sphinx — its personal connection with the most remote 
past notwithstanding — turns its back on the royal tombs and the 
lifeless desert to gaze across green fields and flowing river towards 
the city of the living, the source from which the annual flood of ever- 
changing travellers streams to look upon its face that changeth not. 
So has Kinglake's fancy, when painting his prophetic picture of the 



E^ypt that was to be, on the canvas of his Eotlicn, endowed the 
Sphinx with a livinii: interest, in words tliat most ha\-e read : — • 

'' And we. we shall die, .,..,..* and tlie Englishman, leaning far over 
to hold his loved India, will plant a firm foot on the l)anks of the 
Xile, **** and still that sleepless rock will lie watching, and watching 
the Avorks of tlie new busy race, Avith those same sad, earnest eyes, 
and the same tranquil mien everlasting." 

There is an old fable of the Sphinx that tells how she sat by the 
Avayside, propounding her riddles to the passers l->y, and dealing out 
death to those that could not answer. Egypt's Sphinx has — and has 
ever had — a riddle for the people of the land of the Nile, and on their 
ansAver to it hangs the life of their countrA'. " AnsAver her riddle, it 
is Avell with thee ; ansAver it not, j^ass on regarding it ]iot, it will 
ansAver itself : the solution for thee is a thing of teeth and claws "* — 
the Father of terror, 'Abu el Hoi' of the Arabs. But the riddle of 
the Egyptian Sphinx is not a difficult one to read. King Menes of 
tradition and the Amenemhats and Usertesens of monumental history 
ansAvered the riddle in deeds ; and so also, in later days, Mehemet Ali. 
And later .still, one Avho had the ' seeing eye' and kneAV Egypt well put 
the answer into Avords Avhen he proclaimed that "Irrigation is the 
Egyptian Question." 



Carltle, "Past and Present.' 
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been made, and illustrations borrowed, are the following : — 
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par LiNANT De Belleponds Bey. 
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JVote on the Barrage, by Sir Colin Scott Moncrieff, K.C.M.G., C.S.I. 
Irrigation in Egypt, by Sir Colin Scott Moncrieef, Professional 
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Egyptian Irrigation, by W. Willcocks, C.M.G., M.I.C.E. 
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Manuscripts in the Khedivial Library, Pubhc Works Ministry, Cairo. 
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INTRODUCTION. 



Writing in 1895, in my introduction to Major Brown's first history 
of the Barrage, I expressed the hope that this structure would 
eventually form a portion of a great system of similar irrigation works, 
by which the southern proA'inces of the Nile Valley should profit 
equally with those of the*Delta. I scarcely realised at the time how 
speedily this hope would be fulfilled. 

In the short space of six years, several important steps have been 
taken in the direction of an improved regulation of the Nile. 

The works in connection with the consolidation of the Barrage have, 
as Major Brown's present account explains, been terminated. The 
construction of the great dam at Assouan, whereby the river water 
will be impounded above the First Cataract, has been so far advanced 
that its completion may be confidently anticipated in the course of 
next year. The important weir at Assiout, by means of which the 
increased supply of water derived from the Reservoir will be distributed 
throughout Middle Egypt, is in an equally forward .state of progress. 
The remodelling of the existing canal system, necessitated by the 
transformation of the Basins into perennially irrigated tracts, is being 
vigorously proceeded with. At Ziftah, on the Damietta Branch, a 
Barrage, similar in design to that at Assiout, has been commenced 
during the present year. A detailed survey of the Nile Valley, south 
of the Second Cataract, has been started, wdth the object of ascertaining 
whether. the construction of a second storage reservoir is feasible in that 
region. The great "Sadd," on the upper reaches of the White Nile, 
has been removed, and the question of minimising the waste of water 
which at present takes place, in the immense swamps adjoining the 
"Bahr-el-Gebel," is engaging serious attention, a preliminary study of 
this river, as far south as Gondokoro, has been made, and the results, 
which include a series of discharge observations, have been published 
in a printed Report.* Gauges ha^^e been erected at selected points on 

* Foreign Office Blue-book. Egypt No. 2 (1901). 
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the Vietom Xvanza Lake, the Blue and the White Niles, and daily 
reo-lstcrs o£ tlie water-leN-cls are fc.rNvarded to Cairo. Lastly, our 
kumvledo-e of the oxaieral conditions which regulate the annual rise and 
fall of the most remarkaljle river hi the .^•orld, has been largely 

increased. 

The above must, I think, be allowed to be a creditable record of 
progress. I am full)- aware that all that has hitherto been accompUsh- 
ed mnounts to little more than a beginning, and that each increase to 
our stock of hiformation regarding thf Hydrology of the Nile only 
proves to us how little we as }'et reall}' know, and how vast are 
the many problems A\hich still await solution. Nevertheless, it ap- 
pears not unreasonable to ]jredict that, if a similar rate of progress be 
maintahied in the future, it will not be \evy long l^efore the veil which 
guards the secrets of this great river is entirely lifted, and its complete 
control, from the Equator to the Mediterranean, becomes an accompli- 
shed fact. 

It is, however, with the ])ast, rather than with the future, that this 
note is immediately concerned, more especially with the first of the 
works alluded to, viz., the Delta Barrage. Major Brown rightly insists 
upon the importance of the part Avhich this Barrage has played, and 
must alwa}-s play, in the history of Egyjrtian Irrigation. On this 
point there can be no two opinions. The rich basin-lands of Upper 
Egypt are of great ^■alue, and it is possible that the alluvial plains of 
the Soudan may one day contribute to the prosperity of the Nile Valley 
as a -whole, but the fertile Provinces which Ijorder the Deltaic branches 
of this river must ahva}-s constitute the source from which the agricul- 
tural wealth of Egypt is mainly deri\ed, and must always therefore 
possess an importance -which other tracts may rival, but can never 
surpass. 

The Provinces in question are al:)solutely dependent upon the Barrage 
for their existence. Without its assistance large portions of their 
culti-^ated area would speedily relapse into their original state of infer- 
tility. It is not then wonderful that, ever since the genius of Mougel 
Be\' endowed Northern Eg} pt -with such a precious gift, constant 
efforts should have been made to preser\'e this great work, which 
constitutes the pivot, so to speak, upon ^\'hich the entire irrigation 
system of Lower Egypt revolves. Major Brown's j^resent history 
describes these efforts, and brings the relation of vsuceess and failure 



up to the present time. His account is so lucid, and is given in such 
detail, that any words of mine must be almost superfluous. 

When, in 1896, the consolidation o£ the Barrage was commenced, 
the eventual extent of the work was hardly at the time foreseen. It 
was originally intended to experiment upon certain of the piers only, 
but by degrees these experiments developed, and it was finally decided 
to apply the system of "cement-grouting" to the entire work. In 
less than four years time the foundation of each one of the 120 piers 
which support the superstructure has been strengthened, by forcing- 
liquid cement, under pressure, into every crevice and cavity of the 
masonry. The abutments and lock-walls have been similarly treated. 
Some idea of the amount of work done may be gathered from the fact 
that the total length of the vertical holes ^^'hich were bored through 
the solid masonry, from the roadway down to the river bed, attains 
to nearly eight miles. 

At the same time, another and equally important development of the 
consolidation works was commenced in the shape of two subsidiary 
weirs, one in either branch of the river, downstream of the existing 
work. Their object is to divide the head of water throwii upon the 
Barrage at times of greatest pressure, and thus proportionately diminish 
the strain upon the structure. 

Major Brown gives a clear description of these works, explaining his 
remarks by excellent illustrations. Even the non-technical reader 
should have little difficulty in understanding his meaning. 

As if by coincidence, the year (1900), in which these Aveirs were 
practically completed, was characterised by an exceptionally low summer 
supply of water ; lower in fact than any previously recorded by the 
existing registers of the Nile. The gravest fears were entertained that 
the volume of water in the river would be insufficient to ensure the 
safety of even a moderate proportion of the valuable cotton crop. As 
the summer advanced and the fall in the water-levels continued, these 
apprehensions gathered in intensity, notAvithstanding the special mea- 
sures instituted to ensure an' equitable distribution of the available 
Avater. Throughout this period, the construction of the weirs was 
energetically proceeded with, in the hope that, when the critical moment 
should arrive and the demand for water reach its maximum, they 
should be able to render assistance. 

It was felt hj all that, unless it Avere then possible to take full 



advantage of the arl•i^'al of the early flood-water and so increase the 
supply in the canals, the chance of sa^■ing• the entire cotton crop was 
almost a hopeless one, and that under such circumstances the maize- 
sowing must be very seriously retarded. 

Thanks to jMajcn- Brown's exertions, l)y the middle of July, these 
weirs were so far ad\'anced that it was found possible to make temporary 
use of them, b}' holding up water upon them and thus reducing the 
head upon the l^arrage ; at the same time raising the upstream water- 
level to a height that might otherwise ha\'e endangered the stability of 
the structure. In the first year of their existence thei'efore, and before 
the}' were completely finished, these A\eirs rendered invaluable assis- 
tance to the country by sa\'ing both the cotton and the maize crop of 
Lower Egypt. This fact alone would fully justify the expenditure 
which their construction has inA'olved. 

Major Brown, in discussing this work, is naturally debarred from 
alluding to his own share in the successful results obtained. What 
this share has been, may be guessed by those who read this book, but 
I take great pleasure in the opportunity here afforded me of recording 
the services which he has rendered to Egypt in connection with the 
Barrage. 

The history of this structure ma}' be divided into three great 
periods : — 

First ; its construction by Mougel Bey. 

Second ; its restoration by Sir Colin Scott Moncrieff and Colonel 
Western. 

Third ; Its consolidation Ij}- Major Brown. 

To the names associated with each of these periods belongs their 
pecial meed of praise. 

To ]\Iougel Bey is due the credit of designing and constructing such 
a work — to Sir Colin Scott Moncrieff and to Colonel Western, that of 
restoring it, and thus enabling it to fulfil the purpose for which it was 
6riginall\- intended — to Major Brown, that of further developing the 
work commenced in the second period and thus rendering possible a 
striking extension of the functions of the structure. There are other 
names which deserve mention in any account of the Barrage ; notably 
those of Messrs Willcocks, Reid and Foster. The share that each has 
had in the work, howe^'er, has Ijeen done full justice to by Major Brown 
in his present history. 



S' 



In conclusion, I consider that all those, who for seventeen years have 
been associated Avith the work of preserving and restoring the Barrage, 
have good reason to be proud of the results of their labour. I feel 
convinced that all who read the story which Major Brown tells in this 
book wUl share my opinion. 

It is a tale of constant hard work and of constant anxiety. When 
I state that the yield of the cotton crop between the jears 1890 and 
1900 has amounted to over 58,000,000 kantars, equivalent, at a very 
moderate estimate, to a money value of £.100,000,000, I think it is 
conclusively proved that the work done and the sums expended upon 
the Barrage have produced no contemptible return. 

W. E. GARSTIN, 
Under Secretary of State for Public Works in Egypt. 

Cairo, 28th November, 1901. 



THE DELTA BARRAGE OF LOWER EGYPT. 



CHAPTER I. 



History or the Barrage previous to 1884. 



rpUE " Father of History " has been quoted often enough to make 
it safe to assume that it is now common knowledge that the Nile 
has been the creative agency by which the land of Egypt has been 
evolved, and is the giver of life by which it is sustained. But there 
are physical conditions which limit its power of sustaining life ; and 
those conditions are that the relative levels of land and water shall be 
such that the w-ater may flow over the surface of the land. Such 
conditions exist naturally at certam times and in certain places. Where 
they do not naturally exist, there is no active life, unless the necessary 
conditions are produced artificially by lifting machinery, or by engineer- 
ing works designed to raise the water-level above its natural height. 
The lifeless plain of Komombos, where flowing water has first laid 
down the soil and afterwards cut a channel deeply through it, is an 
instance of the absence of the necessary conditions, both natural and 
artificial; and here life is dormant or extinct, and the wide plain is 
barren : the earth brings forth no grass or herb yielding seed, and no 
man is found to till the ground, for rain never falls upon the earth to 
water the face of the ground, and the river flows past far below. 

On the other hand, the land of Upper Egypt, during a flood season 
of ordinary height, is an instance in which the necessary conditions of 
life are naturally fulfilled; although, in these latter days, the natural 
conditions have to a great extent been modified by the introduction 
of artificial control. 

But the Delta of Egypt is the instance with which we are concerned. 
Here, the artificial conditions of both descriptions — lifting machinery 
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and engineering works — have been de\'eloped and are being developed 
to intensifv life to the utmost. And of all the means employed to 
this end, the Delta Barrage is the most important and efficient : there 
is no other work in Egypt on which so much depends. The following 
pages tell of its growth, its early failures, its later successes and of 
present faith in its future performances. 

It is recorded by Clot Bey that Napoleon Bonaparte, when in 
Egypt in 1798 and 1799 during the French occupation, foresaw the 
construction of a Barrao'e at the head of the Delta to control the 
distribution of water in the two branches of the Nile; and that he 
gave expression to his anticipations of the future in the following 
words : — 

" Un jour viendra oil Ton entreprendra un travail d'etablissement 
de digues barrant les branches de Damiette et de Rosette au ventre de 
la vache, ce qui, moj^ennant des batardeaux, permettra de laisser passer 
successivement toutes les eaux du Nil clans une branche ou dans 
I'autre et de doubler ainsi I'inondation." 

The day that Napoleon is said to have foreseen soon came in the 
reign of Mehemet Ali, who became Viceroy of Egypt in 1805. Being 
a man of energetic action, he lost no time in introducing a period of 
acti^'ity in irrigation works. The unpaid labour of the Corvee was 
his instrument for carrying them out ; and his power to employ it 
was limited by no financial control, as the human labour was not 
converted into its money equivalent, and works executed by the 
Corvee were reckoned to ha^'e cost nothing ! 

At the commencement of his reign. Lower, as well as Upper Egypt, 
was irrigated under the basin system, that is, by inundation, and 
depended on the height of the flood for its water-supply. Too low a 
Nile would leave unfavourably situated lands without inundation ; and 
hence the idea, that had suggested itself to the mind of Napoleon, of a 
Barrage for obtaining such control over the river that a flood, which 
was a low one in the united Nile above its bifurcation, could be made a 
high one in each branch of Lower Egypt alternately, Ijy adopting, as it 
were, the military principle of concentrating one's forces in succession on 
the separated parts of an enemy's army, and defeating them in detafl! 

The development of cotton cultivation on a laro-e scale in Lower 
Eg}pt during ]\lehemet All's reign necessitated a radical chano-e in the 
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whole canal system. Under the basin system winter crops, snch as 
wheat, barley, beans and clover, were grown on the lands from which 
the Nile flood had retired after inundating them. But cotton cannot 
be grown under these conditions, for it requires to be protected from 
inundation, and also to be planted and irrigated before the NUe begins 
to rise. Hence it became necessary to embank the branches of the 
river for the protection of the cotton cultivation from inundation, and to 
dig deep canals to conduct the low level waters of the summer Nile to 
the neighbourhood of the crops to be irrigated. The water, being so 
much within soil, had, during the low Nile season, to be lifted on to the 
land by pumps, sakyas or shadufs. To make and maintain the Nile 
banks so as to be capable of resisting high floods, and to dig and keep 
clear the canals so that they should be deep enough to flow at low Nile, 
was a task that feU heavily on the country, which had to furnish the 
means of carrying out the work in the form of unpaid labour. Linant 
Pasha calculated that the quantity of work necessary for the efEective 
clearance of the canals alone, (without taking into account the main- 
tenance of the Nile banks,) would have come to over 13 million cubic 
metres a year, requiring an army of 27,404 men working for 100 days 
to execute it. Such a clumsy system was unable to produce the results 
desired, though the taskmasters did not fail through tender-heartedness 
to make the hves of the labourers bitter with hard bondage in those 
days when the " Koorbash " was stfll a recognised and a favourite 
instrument of government. 

So it became necessary to devise some more scientific method for 
obtaining and distributing water. The configuration of the Delta 
naturally suggested the construction, across the heads of the two 
branches of the Nile, of Barrages or Regulators, which would raise the 
low level of the summer Nile by such an amount that water would flow 
into the canals, taking ofE from above the regulators, at so high a level 
that it would not be necessary to clear the beds to a greater depth below 
country surface than was reasonable and practicable. 

But, before such a project took shape, Mehemet Ali had, in 1833, 
boldly commenced operations for increasing the Damietta supply at the 
expense of the Rosetta. The water levels of the Damietta Branch 
being always higher than those of the Rosetta, the irrigation of the part 
of the Delta which lies between the two branches, as well as the part 
on the east of the Damietta branch, was carried on almost entirely from 
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canals taking off the last-named branch. Therefore, to obtain more 
^'ater during sununer in those canals which served as perennial canals 
for the Central and Eastern Delta, Mehemet Ali, \\ith but little consid- 
eration for Behera Province and regardless of the water supply of 
Alexandria, proposed to dam the Rosetta Branch by a bank of loose 
stone, and so to di\'ert all the water into the Damietta Braiich. The 
idea was a bold one, but this is the onl}' complimentary epithet that can 
be a])plied to it. If the project had been persevered with, it would 
probabh' not ha^-e succeeded ; which would have been a matter for 
congratulation, as success would have had more unsatisfactory results 
than failure. 

The work of damming the Rosetta Branch at Koratayn had actually 
been begun, when Linant Bey (afterwards Linant Pasha), then hi 
charge of the irrigation of Upper Egypt, arrived from the South. 
He at once pointed out the probable consequences of such a violent 
interference with natural arrangements, and proposed the construction, 
across the head of eacli branch, of a Regulating Barrage designed to 
give command over the distribution of the I'S'ater between the two 
branches in summer, and to leave a free passage for the river during 
the flood season. Whereupon, with nothing but the bare proposal 
before him, Mehemet Ali, with characteristic impetuosity, forthwith 
ordered M. Linant to proceed at once with the collection of the mate- 
rials necessary to carry out his proposals, after going through the form 
of submitting a note to the "Grand Conseil." M. Linant was then 
pressed by the members of the Council to state what materials were 
necessary, and, in order to satisfy their impatience, he gave a figure of 
tlie quantity of ashlar, rubble stone and lime required, asking that a 
Commission might be appointed to study the whole subject. 

At this stage ]\Iehemet Ali, with his mind excited by the Barrage 
project and more impatient than his Council, proposed to M. Linant to 
dismantle the Gizeh Pyramids in order to utilise the stone from them 
in the construction of the Barrages. This proposal connected *" Pyra- 
mids and Progress " in a more direct way, but in a less admirable 
manner, than is attempted in Mr. John Ward's splendidly illustrated 

work of that title. M. Linant, knowing how to deal with his master 

as an Irisliman knows hoAv to persuade his pig to move in the ricrht 
direction — did not oppose the idea as an unparalleled act of vandalism, 

* Pi/ramkls and Progress, by John Ward, F.S.A. 



but proceeded to prepare a project for the demolition. Surrounded by 
the halo of a Commission, composed of the Muiisters of Foreign 
Affairs, Public Works and Pul)lic Instruction, he went to the Pyramids, 
and prepared his project for the demolition, according to his own 
account conscientiously, leaving it to liis master to work out his own 
conclusions. Whether the details of the project were controlled by a 
scrupulous conscience, or were affected by an irrepressible bias in favour 
of the continued existence of the Pyramids, the final result of the 
calculations convinced the Viceroy that it would be more economical 
to obtain stone direct from the quarries than from the Pyramids : 
and so he was turned from his purpose, and the Pyramids remain 
to this day to grow yet older. 

But the salvation of the Pyramids was probably not so much due 
to motiA'es of economy on the part of the Viceroy, as to the tact with 
which M. Linant dealt with the danger. This view is supported by 
the following account of an incident A\hich had a very different 
ending, and showed that the diplomatist, A^'ho in this case argued the 
point with the ^'iceroy, had less diplomacy than the Engineer Avho 
championed the Pyramids. The account is found in " A Short 
Memoir of Mohammed Ali," written by Sir C*harles Murray whilst 
H. M. Consul-General in Egypt 1846-57, and edited in 1898 by Sir 
Herbert Maxwell. "He (Mohammed Ali) had despised and scoffed 
at aU obstacles so long, he had overcome so many, that he at last 
found a pleasing excitement in them. He would sometimes undertake 
a thing, not because he cared about it nor that it Avas of the smallest 
utility, but merely because it was troublesome. Thus on one occasion 
he asked the representative of a foreign jjower to j^urchase him a 
steamer to navigate the Nile above the cataracts. The diplomatist in 
astonishment pointed out to him that there was neither wood nor coal 
to be had there, nor would there be any passengers or traffic. He urged, 
therefore, that such a project would be as costly as worthless. More- 
over, there was the difficulty of transporting the boilers and machinery 
over rocks and whirlpools. The despot, conscious of his absolute power 
over three millions of subjects, confidently replied that he would have 
them taken to pieces and carried by thousands of men. A warm 
discussion took place, and the diplomatist urged at last that the scheme 
would cost at least 100,000 ^francs. On this argument, however, being 
used, the Pasha lost all patience, and jumping up suddenly from the 
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sofa (a way he had when much excited) he thundered out — 'Pray, 
sir, what the devil is it to you if it costs me a milHon.' " 

]\Ieantune, while the fate of the P}Tamids was in suspense, the 
Commission, A^-hich M. Linant asked might be called together to study 
the project of the Barrage, was formed of members representing a 
charming variety of assorted talent. The Commission was composed 
of an architect, the Chief Eiigineer of the Delta, the Director of the 
School of Engineering, and a retired boatman in the confidence of the 
A^iceroy," all of the foregoing being Egyptians. To these were 
added tAvo English engineers, a foreign engineer who had studied in 
England, two French Commandants of Artillery and a French mining 
engineer. 

This commission divided into two camps in favour of different 
projects. It is a wonder it did not divide into more. The one camp 
advocated the construction of a solid dam or weir with fixed height of 
crest, on each branch of the Nile, at Digwa on the Damietta Branch 
and at Beni Salama on the Rosetta. It was proposed in this scheme 
that the flood should pass over the dam, and also through a large 
opening at each end of it, which would be opened in the flood season 
and be kept closed during summer, on the principle of the anicuts 
with their under-sluices, as constructed in India. The English element 
in the Commission gave its support to this project, not improbably 
influenced in its favour by what they had learnt had been done with 
success in India, where, however, the conditions were different. It 
A\as urged as an objection to the adoption of such a form of dam in 
Egypt that it Avould be difficult to raise the summer level of the river 
to the extent desiraljle by such a permanent obstruction Avithout raising 
the flood level to an undesirable extent up-stream, and as a result 
(in the case of the Delta Barrage), inundating Cairo and much else. 
Further, it was argued that the power of distributing the water in 
sunmier, in ^-arying proportions at will between the two branches, 
would not be obtained l)y such an arrangement. 

In connection with this proposal it is interesting to note that, when, 
in later years, the question of restoring the unsound Barrage was 
under consideration, Air. A\lllcocks made a proposal to remove all the 
piers and to raise the floor permanently 2-50 metres: on the top of 
this floor he proposed to add moval^le drop gates l-,50 metres high. 



He maintained that a solid wall, 2-50 metres high, would not obstruet 
more of a high flood than the present piers do. But, though this 
would haA'e been creating a solid immovable dam or weir, such a \\e\v 
would not have had a fixed crest, as the gates of I'oO metres height 
would ha\'e been made use of for raising the summer level to the 
extent desirable, while at the same time the fixed obstruction would 
not have raised the flood level to an extent greater than the existing 
Barrage does. 

The alternative project, favoured by M. Linant and the rest of the 
Commission, was to construct open Barrages across the two branches 
as near as possible to the head of the Delta, then at Derawi ; the Rosetta 
Branch Barrage to be situated at Kafr-Mansour, and the Damietta 
Branch Barrage below Derawi, at both which sites the bends of the 
river favoured such a disposition of the works. These two Barrages 
were, according to this project, to be regulators capable of raising, 
during summer, the water level up-stream of them to the height 
required to supply the three main canals which were destined to irri- 
gate nearly all Lower Egypt. During the time of flood the regulating 
apparatus was to be removed, so that the river might be given a free 
passage through the Barrage, and not be headed up. Thus the object 
of the work differed from the original Napoleonic idea, Avhich, if 
correctly recorded, contemplated manipulating a deficient flood, and 
not the summer supply. The estimated cost of these Barrages was 
£E.1,551,633, and it was calculated that they would take five years 
to construct. 

This project of Linant's, which was undoubtedly the more suitable 
one, received the Viceroy's approval, and the excavation for the work 
Avas begun forthwith towards the end of 1833 by means of Corvee 
labour, the men being sent on to the work by the orders of the Viceroy 
in such numbers as to cause considerable embarrassment to those in 
charge of the work. But in spite of the confusion that overcrowding 
produced (and only those who have worked with Egyptian labourers 
can appreciate what that means), a start was made, and work went 
on fairly Avell, until in 1835 the plague, that Kinglake describes in 
"Eothen," visited the works and made itself master there for four 
months, during which period the works were suspended. Still, the 
preparation of the project progressed, so that, in July 1835, M. Linant 
was able to present to the Viceroy the designs and estimates of the 
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Barrages complete, and to get them accepted. By this time the plague 
had left. But the work itself seems to have been stricken by the pest, 
for it languished as one doomed to die. The numbers of the labourers 
dwindled, materials ceased to arrive, and M. Linant himself, now no 
longer occupied in attending to the construction of the Barrages, Avas 
called in 1837 to the Ministry to direct the Public Works Department. 
The Viceregal interest would have been capable of reviving the 
spent energy, but His Highness Mehemet Ali had grown tired of the 
Barrages, and from being impetuous had grown lukewarm. In this 
state of mind he appointed a Commission of sixteen members to 
examine the question of the desirability of such constructions. To 
this Commission his view, that Barrages were not necessary, was 
plainly enough indicated to guide a subservient Commission to conclu- 
sions in agreement Avith His Highness's vicAvs. But the Commission 
did not take the hint, though so plainly given, and declared decidedly 
in favour of Barrages as proposed by M. Linant, setting forth in its 
report the adAantages that would result from their construction, and 
recommending a continuance of the work. The advantages were in a 
general way correctly stated, though exaggerated in much of the detail. 
The want of accurate knowledge of IcA^els in the Public Works Depart- 
ment of Linant's time misled the Commission into stating that one of 
the advantages would be that the Khalig of Cairo could be made to 
flow throughout the year with a water surface at flood level ! Still, 
notwithstanding the recommendations contained 'in the Report of the 
Commission, the Viceroy replied officially to the Minister, that the 
Commission Avas quite right, but he nevertheless did not want Barrages. 
The materials collected were therefore removed from the site of the 
projected regulators to other works, and the workshops dismantled for 
the sake of the wood of which they were constructed. And that was 
the end of M. Linant's Barrage, a child stiU-born. 

A few years later, in 1842, Monsieur Mougel (afterAvards Mougel 
Bey) arrived in Egypt to construct the graving dock in Alexandria. 
On an occasion presenting itself, he proposed to Mehemet Ali another 
system of carrjdng out the construction of the Barrages. He claimed 
to have discovered an artificial puzzuolana in Alexandria, which made 
the construction of a Barrage a more hopeful undertaking. His High- 
ness appro A^ed the proposal and directed M. Mougel to prepare his 



project, at the same time calling upon M. Linant to give him all 
information possible, as well as the benefit of his experience. In com- 
pliance with this order M. Linant handed over his complete project to 
M. Mougel, not, we may be sure, without some feelings of bitterness 
as he parted with the unused baby clothes of his stUl-born child for 
another's child to wear. 

In January 1843, M. Mougel laid his project before the Conseil des 
Fonts et Chaussees. The design of the Barrage, according to this 
project, gave thirty-nine arches to the Rosetta Barrage and forty-five 
to the Damietta, all of 8 metres width, divided by vertical iron up- 
rights into two bays of 4 metres width. It was intended to hold up 
to 6 metres above Low A\^ater Level. Mougel considered (and sub- 
sequent experience has shown him to have been right) that all the 
Low Nile water was required for irrigation ; and that the work should 
be designed to provide for its being all utUized. But the Conseil des 
Fonts et Chaussees thought that this was "almost absolutely impos- 
sible" of attainment, as they calculated that the canals could not be 
made to carry the whole of the summer supply. And not only did 
they consider it to be impossible, but even undesirable, as na\'igation 
and sanitation along the two branches would suffer seriously, were 
the whole summer supply diverted into irrigation canals. Finally, the 
CouncU gave it as its opinion that the project had not been sufficiently 
studied. 

But that was nothing to Mehemet Ali : sooner than delay, he adopted 
the project as it stood, and gave orders for the immediate construction 
of the Barrages under the direction of M. Mougel. The Barrage which 
now exists is the result of this order, but the original design was 
modified. 

As Mehemet All's methods of setting on foot and executing great 
public works had a considerable effect on the manner of building the 
Barrage, and must therefore be held responsible, at least to some extent, 
for the resulting defects, an illustration of those methods is given in 
the following passage from Sir Charles Murray's "Memoir of Moham- 
med Ali," from which I have already quoted. 

"The energy with which he pursued his ideas, and his puerile 
eagerness for their fulfilment were very Oriental. He required the 
genius of the ring and the genius of the lamp always at his command. 
There was one story illustrating these peculiarities that he used to relate 
himself with great glee. 
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" Stopping once upon his way from Cairo to Alexandria, and having 
determined upon making a canal, he scut for the cliief engineer of the 
province. Having gi\en him the length, breadth and depth of the 
canal required, he asked the engineer in what space of time he would 
undertake to make it. The man took out his pencil and paper, and 
ha\'ing made his calculations, answered that, if the Paslia gave him an 
order on the governor of the district for the labour required, it might 
be finished in a }ear. The reply to this was a signal to the Pasha's 
servants to throw the engineer on his back and give him two hundred 
blows with a stick on the soles of his feet. This ceremony being con- 
cluded — 'Here,' said the Pasha, 'is an order for the number of labour- 
ers you may require. I am going to Upper Egypt ; I shall come back 
in four months. If the canal is not completed by the day of my return, 
you shall have three hundred more.' 'The work,' he would add with 
much self complacency,' was punctually executed.' " 

It will be convenient before going further with this account to 
compare the U\o projects of M. Linant and M. Mougel. The sites 
chosen for M. Linant's Barrages were — on the Rosetta Branch 9 kilo- 
metres and on the Damietta 5 kilometres to the north of the present 
one (see Plate I), and the two separate Barrages on either branch of 
the river would have been 6 kilometres distant the one from the other. 
In the present Barrage, which is Mougel's, the two constructions are so 
near to. each other as to almost form one work, so that it is the custom 
now to speak of the two together in the singular as "the Barrage." 
In consequence of this miion, the regulation of the Barrages themseh'es, 
and of the Canal Heads taking off above them, is easily controlled by 
one Director in charge of the Avhole; and the daily examination of all 
the Regulators is much facilitated, especially now that a tramway for 
trollies connects all the parts of the Barrage l^y which the water 
distribution is effected. The separation of the Regulators by louf^ 
distances, as in ]\1. Linant's project, Avould not have been such a 
convenient arrangement as the one actually adopted. But M. Linant 
claims on behalf of his ^Jroject, that he would have had more reliable 
constructions, since his Avorks would havn been built in good soil, 
while M. JMougel's were actually founded upon loose sand. Also shice 
the works, as designed Ijy M. Linant, would ha-\-e been built in the 
dry outside the course of the river (which would not haA-e been diverted 
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through them until they were complete), the foundations could have 
been given a level bed and the concrete have been laid in the dry : 
whereas, building as Mougel did, in the river bed itself, the work was 
founded on an uneven surface, and the concrete was, to a great extent, 
laid in running water. The varying levels of the bed are shown in 
Fig. 1, which is a longitudinal section along the Rosetta Barrage. At 
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the west end of this line the sand bed rose 4 metres above the summer 
low water level, while towards the east end the river bed was 16 metres 
below the same water level (see also Fig. 2). Hence the west end 
of the Barrage was founded on loose sand, and the east end on a mass 
of rubble stone, 12 metres in height and 60 metres broad at the deepest 
part, which was pitched in to form a platform for the concrete to be 
laid upon {see also Plate II.) The concrete layer was consequently 
formed in running water, and as it did not therefore set, it had to be 
relaid, probably more than once. 

For the ten years succeeding the acceptance of M. Mougel's project 
in 1843, the construction of the Barrage was carried on fitfully with 
more or less rapidity and success. The Damietta Barrage was begun 
first, and no special difficulties are recorded as having been met with in 
connection with it. No account exists of the condition of the founda- 
tions, but Mougel stated that the work here is excellent, since it was 
practically built in the dry. Later examinations of the foundations by 
boring have confirmed this. 
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In June 1847 the Rosetta Barrage 'was begun. Mehemet AH, 
impatient for the completion of the work, ordered that 1,000 cubic 
metres of concrete were to be laid daily, Avhether possible or not. It 
so happened that, in this year, the river level in April was more than 
one metre higher than it had been at the same time the year before. 
Difficulties were also occasioned in consequence of the earth excavated 
from the foundations having been thrown too near the edge of the pit, 
and therefore causing slips, which interfered with the work. M. Mougel 
attempted to carry out the Viceroy's order in spite of difficulties and 
technical objections to doing so, knowing that he would have been 
dismissed, had he acted otherwise. In went the concrete, as fast as it 
could be got in, to too shallow a depth at the west end, and into 
running water at the east end over the loose rubble mass. Naturally 
the lime of the concrete mixture was carried away by the current, and 
the concrete lost the ingredient which gave it the property of setting. 
Naturally also springs found their way through the material that 
remained and upon which the Barrage A^as to be founded. 

The following account* of the manner in Avhich the Barrage was 
constructed was given to Mr. Willcocks by Mougel Bey himself, and 
is therefore worth reproducing in full : — 

" A level of (S"80 metres above the Mediterranean Sea (or 8'20 metres 
on the Barrage gauge ) was fixed as the mean bed of the river at the 
bifurcation. The floor Avas to be 3"50 metres deep, and consequently 
a reduced level of 4*70 metres was the formation level of the bottom 
of the floor. Owiug to scour along the right bank of the Rosetta 
Branch, the bed of the river -n'as some ten metres below this level at 
the deepest jjoints ; while on the left bank there was considerable silt 
deposit above it. 
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" The above Fig. 2 represents a cross-section of the Rosetta Branch 
at the site of the Barrage during construction, and the hne AB the 
bottom of the floor ; the part from A to C — where the floor is below the 
bed of the river — was first constructed. The sand was excavated as far 
as possible ij.i the dry, and then two rows of sheet piling were driven 
along the up and downstream faces of the platform. 

" In the cross-section Fig. 3, EF and GH are sheet piles ; within the 
sheet piling the sand was dredged out down to a reduced level of 4'70 
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metres, and concrete skipped into the water to its full thickness of 3 
metres, and then allowed to set. Next season the sand was removed 
from above the concrete KL, and a coffer-dam MN, Figs. 4 and 6, was 
erected on the concrete, enclosing the space to be occupied by about 
five openings. The coffer-dam was filled with stiff clay, made water- 
tight and the water was pumped out. The springs through the con- 
crete were then staunched, the stone and brickwork floor OP laid over 
the concrete, and the piers raised to one metre above water-level. 

" The coffer-dam was then moved forward, and the space to be occupied 
by five new openings enclosed, and treated in the same way. The 
sheet piling EF and GH was not cut down to floor level, but projected 
both up and downstream of the platform to a height of one metre 



— 14 — 

above the floor. There seems to have been no difficulty experienced in 
this method o£ Avorking, except under the arches numbered 7, 8, 9 and 
10, near the left flank ; here the sand was of a particularly fine quality, 
dark in colour and very light, with the springs strongly impregnated 
with decayed organic matter. In spite of the dredger working in still 
water, the fine sand poured in fast from between the pUes, and after 
being dredged was allowed to accumulate to a height of eight metres 
and upwards, just outside the sheet piles. The more it accumulated 
the more the silt ran in, until the deepening of the trench became an 
impossibility. Mougel Bey wanted to postpone the work to the 
following year, but the Viceroy was urgent : men were crowded into 
the quicksand, the concrete skipped in, and the mixture of concrete 
and quicksand had to do duty for the floor. Mougel Bey says that 
the concrete there could not be more than I'oO metres thick ; Linant 
Pasha says that the springs here were always considerable, cracks 
appeared in the Barrages before any water was held up on the Barrage, 
and eventually this part of the Barrage failed and was surrounded by 
by a coffer-dam (Fig. 5). 
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"Referring to the cross-section of the river (Fig. 2), it will be seen 
that the construction of the Barrage along the part CB, where the floor 
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lies higher than the bed of the river, could not have been carried out- 
as above. Here a mass of loose stone was pitched into the river from 
boats, imtil the upper surface of the tipped stone corresponded with 
the bottom of the platform, or the line AB. Into this barrier of stone, 
sheet piling (along- the up and downstream edges of the platform) 
was driven in as far as it could go. Sail cloth was laid on the up- 
stream side of the piles and held against the piles by the force of the 
current. The concrete was skipped into the water between the piles. 
Theoretically the tipped stone was at R.L. 4"70, but practically it must 
have been much lower, to allow of the extra concrete being skipped 
in here. As much of this concrete was skipped into running water, 
great part of the lime was washed away, according to Linant Pasha. 
Subsequently when the coflEer-dam was erected on the concrete for the 
completion of the floor and superstructure, the springs in places were 
so excessive that the floor level had to be raised fifty centimetres above 
the general level. The concrete was composed of broken stone, pure 
lime and artificial puzzuolana in the ordinary proportions. No exact 
record exists of the proportions, as far as I have been able to ascertain. 
Much of this concrete has not set, and in places has been found like 
pudding, though in others it is as hard as rock." 

Meantime, while this work was going on, Mehemet Ali died in 1848 
without seeing the completion of the Barrage, which was to be many 
years before it recovered the injury done to its constitution by his 
impatience and impetuosity. He was succeeded by Abbas Pasha, 
who, in March 1852, having no faith in the success of the Barrage as 
being constructed, Avas desirous of abandoning the work; but he did not 
do so for fear of public opinion. At this same time also M. Linant 
declared himself in favour of pumping establishments in preference 
to completing the Barrage, and defended his change of opinion on 
the ground that during the last ten years pumping machinery had 
been much impro^-ed and rendered economical. 

In April 1853, Abbas Pasha, not being satisfied with the progress 
made, dismissed M. Mougel, and ordered him to hand over the in- 
complete Barrage to Mazhar Bey. At the time of transfer a Com- 
mission reported on it to the effect that the concrete floor over the 
rubble heap and elsewhere was in a bad state and that springs found 
their way through it. M. Linant relates that at the time of transfer 
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the work was far from being finished, as there were scarcely any of 
the piers constructed to abo\'e water-level ; he also adds that up to 
this time forty-seven million francs had been spent on the work, 
besides the labour of the Corvee and soldiers. The state of the work 
in 1853, according to M. Linant, is shown on Plate II. 

In spite of the Report made at the time of transfer, work was 
continued without remedymgthe defects in the foundations and without 
making the concrete layer sound ; the piers were completed and the 
whole superstructure of road, pathways, parapets and turrets completed 
by 1861. The cost, exclusive of the value of the Corvee labour, is 
said to have been £1,880,000. 

And now we pass from the period of construction to the period 
of Commissions and Reports. 

AVhen Said Pasha succeeded Abbas Pasha in 1853, Mougel returned 
to Egypt and was re-employed in the Public Works Ministry, though 
he did not take charge of the Barrage Works again. And so, in 
December 1855, we still find Mougel in office ■\^'hen the Commission 
of savants, who had come to Egypt to study the Suez Canal Project^ 
was consulted Ijy the Viceroy concerning several matters, of which 
the Barrage was the most important. The condition of the Barrage 
at this time was not clearly set forth in the Commission's Proceedings, 
but it is stated that there remained to be executed one-third of the 
floor, ttOO metres of the apron, and six arches of the Damietta Barrage 
as well as the closing apparatus. The object of the Barrage was 
stated to be the raising of the water-level in summer by 4J metres. 

Said Pasha's hol^by was soldiering in time of peace, and it occurred 
to him that the Barrage and its surroundings at the Head of the Delta 
was a unique position for a military fort and centre. He imagined 
that, by means of the Barrage and its canals, he could raise the water 
high enough to inundate thfe whole Delta from its head to the sea- 
coast, and so obliterate all the land routes, and even endanger the 
existence of an army which might have disembarked and have advan- 
ced inland. Further, he thought that, if a fleet made its way up the 
Nile, he would make short work of it by means of his Barrages and 
fortifications connected with them. Thus would he deal with an 
enemy inA^ading the country from the coast. Should an enemy come 
by land from the east or west or south, avoiding the Delta, he 
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reckoned that, with his strongly fortified "tetes de ponts" at either 
end of the Barrage, he would be strong enough to maintain himself 
in his citadel, "Kilat-Saidieh," against any army. 

So one of the questions put to the Commission of 1855 was con- 
cerning the width of the central canal at the point where it passed 
through the fortifications. The military engineers demanded that the 
width should not exceed 15 metres. In the record of the Proceedings 
it is stated that the Commission think the defence should adapt itself 
to the irrigation, the latter being essential to the country. Never- 
theless, in spite of this sensible view, the recommendations of the 
Commission agreed with the demand of the military engineers, and 
the members approved of the throttling of the central Delta. 

The fortifications were commenced in 1856, the first stone having 
been laid on the 12th March with solemn ceremony. The diplomatic 
corps and the Duke and Duchess of Brabant were present. Linant 
Pasha remarks that the. "mauvais temps" of the day was bad for the 
smart uniforms. Probably the first stone was laid in the opening 
dust-storm of the Khamsin season. 

The fortifications were aU designed on the now obsolete Vauban 
system with bastions, sally-ports, casemates, counterscarp galleries, 
draw-bridges, machicoulis galleries, etc., familiar to all Woolwich cadets 
of the time of H. R. H. the Duke of Connaught. They are naturally 
of no military use now, but they add to the picturesqueness of different 
points of the Barrage grounds, and are interesting as specimens of 
an obsolete system. A view of the bridge over the old fort ditch, 
leading to one of the old gateways, is given on Plate III. 

The condition of the Barrage, after it was supposed to be finished 
in 1861, is recorded in the Keports of two more Commissions, one 
appointed on the 13th November 1861, and the other on the 4th July 
1863. At the time of the first of these two Commissions, no other 
cracks were remarked except those which existed from the beginning 
of the construction in the 1st, 2nd and 3r(l arches of the west end 
of the Rosetta Barrage, and these did not appear dangerous. The 
Commission considered that little remained to be done to complete 
the Barrage and fit it for the object for which it was designed; but 
recommended that, before holding up the water at all, the floor should 
be finished and the springs should be stopped l:>y the aid of a diving- 
boat ("bateau-plongeur") in preference to the employment of dams 
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("batardeaii"); for it was feared that if a head were put on the work, 
Avater would pass through the loose rubble heap. The first Commission 
after making this proposal, adjourned for more information, which 
it never got. 

The second Commission of July 1863 pointed out that the works 
recommended by the former Commission had not been carried out, 
that the experiments required had not been made and that the springs 
had not been stopped. The system of gates was condemned. This 
Commission came to much the same conclusions as the former, and 
recommended postponing the digging of the main canals taking off 
above the Barrage, until it had been tested. 

But in this year the want of A\'ater in the Damietta Branch made 
itself felt during the summer, and, in order to feed the summer canals' 
the gates of the Rosetta Branch, which had been erected, were closed, 
and the water-level raised aboA^e the Barrage from I'OO metre to 
1"40 metre. The result was that the sand below the floor was forced 
out by the pressure, and ominous cracks appeared. Later, in 1867, 
a section of the Rosetta Barrage, consisting of ten openings (Nos. 5 
to 1-4) towards the west end, separated from the rest of the work 
and moved perceptibly downstream. (This was visible up to 1897 
in the existing work, and is clearly shown by the shadow of the 
parapet wall in Plate IV. The parapet has been, since, dismantled 
and rebuilt.) These ten openings were then enclosed within a coffer- 
dam five metres high and two metres wide, composed of a wooden 
framework, filled with stiff clay, overlaid by stone resting on the 
platform. 

Linant Pasha's last connection with the Barrages (which in principle 
he claims to have proposed, though the actual project adopted was 
M. Mougel's and not his) appears to have been the writing of a Report 
on it in 1871. This is his account of the work as it existed then: 

"Le Barrage est comme un corps gangren^: il est recouvert d'un 
beau surtout, mais la maladie le travaille interieurement ; toutes ces 
sources sont autant de fistules, qui, quand on veut les fermer, circulent 
interieurement et se reproduisent plus loin. II faut de grandes opera- 
tions, de grands remedes et non des palliatifs, qui ne feraient qu'empirer 
le mal." 

In this same Report Linant Pasha admitted the possibility of 
putting the Barrage in order, but the uncertainty and the expense 
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frightened him. He would not throw good money after bad. He 
estimated that the sum required to do what was necessary would be 
twenty-five million francs, which he remarked was far from being 
exaggerated, and he calculated that it would take fi\e years to do the 
work. And then he proceeded to make calculations to show that it 
was preferable to set up steam pumps. This estimate of Linant's 
should be remembered, when what has been done since and the cost 
of doing it is read about further on. 

In April of the same year, 1871, that Linant Pasha wrote his 
note for the Khedive, Messieurs Lavalley and de Langaudin made 
a joint report, recommending an expenditure of £20,000 in repairs 
to the floors of arches 6 to 13 of the Rosetta Barrage, the repairs to 
consist of a layer of concrete three metres thick laid over the defective 
floors. This done, the Barrage was to be tested by closing the arches 
and finding out what head it would stand. 

These recommendations were unfavourably criticised in similar terms 
by both Aly Pasha Moubarak, Minister of Public Instruction and 
Wakfs, and Bahgat Pasha, Minister of Public Works. The criticisms 
were accompanied by suggestions more vague and less practical than 
the proposals under consideration. The two Pashas probably got 
their heads very close together when they wrote their separate notes, 
which, however, contain nothing worthy of immortality. 

Still one more short report was written in 1871 by Mr. D. K. Clark 
(engineer representing Mr. J. Fowler). This note contains a well- 
deserved condemnation of the form of gate adopted and under trial 
in some of the arches of the Barrage at the time it was written. 

The next to be called in consultation to prescribe for the despaired 
of patient was a well-known English engineer, the late Sir John 
(then Mr.) Fowler. He examined the Barrage in 1876, pronounced 
the piers and arches, so far as \'isible, to be of good construction, but 
the floor to be defective. The floor-surface of brick and stone was 
not in a bad state, but the concrete below was, in some places being 
no more than a confused mass of small stones or gravel. He was 
convinced that the foundations of the floor were too shallow, and 
that considerable and expensive works were required to put the 
Barrage into working order, half measures being useless. 

Sir John Fowler proposed not to abandon the Barrage entirely, but 
to utilise the existing work as far as possible, and to obtain the 
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additional height, to Avhich it was desired to raise the water-level, by 
means of a new and independent construction. He recommended that 
the gates of the existing Barrage be completed and be made efficient, 
that a new line of gates be constructed on foundations carried to a 
great depth immediately downstream of the existing floor, and that 
the river bed beyond it be protected against scour. 

He pointed out that, had not the floor been cracked, the sand of 
the foundations might have been confined bet^^'een up and downstream 
curtain walls, and the Barrage have been made to hold up the full 
four and a half metres desired. But as the floor and foundations were 
cracked, the sand would have found its way out betAveen the cracks 
under the pressure of the water, and the foundations have been 
undermined. 

As the Barrage had actually supported a head of 1'50 metres. 
Sir John proposed to utilise it in future to this extent. The remaining 
3 metres was to be held up by gates fixed on a massi^-e wall 8 metres 
thick and 18 metres deep below Low Water Level. The river bed 
immediately do^mstream of this wall was to be covered by a wide 
layer of rubble intersected by two rows of heavy concrete blocks 
8 metres below Low Water Level, so as to obtain a water-cushion of 
a sufficient depth to deaden the fall of the water. One row was to 
be up against the curtain wall and the other at a distance of 24 metres 
from it. Between these rows and beyond the second row was to be 
a protective layer of loose rubble pitching. The cross-section, Plate V, 
shows clearl}' the form of curtain wall proposed. 

But the deep wall had to be made without endangering the stability 
of the existing structure. Sir John proj^osed to make it in sections 
of 3 5 -metre lengths by the aid of iron caissons and compressed air, 
and to unite the different sections by means of end grooves, by which 
a tight joint could be obtained in an ingenious way, not very easy to 
describe. On the top of this curtain wall were to be strongly bolted 
the iron uprights, which were to hold the downstream row of gates. 

The cost of carrying these proposals out, including repairs to the 
locks, was estimated at £1,000,000 allowing for probable contingencies; 
or at £1,200,000 allowing for all reasonably possible contingencies. 
Sir John Fowler considered that the work could be easily completed in 
three years, if carried out with energy and without interruption. 
But the Khedive, Lsmail Pasha, Avho was a prodigy of a spendthrift 
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m the gratification of his extravagant whims, refused to sanction 
this outlay on a work that was all-important to the countr}', probably 
because faith in the success of the work was dead. 

In his Report Sir J. Fowler also, like Linant Pasha in 1871, 
discusses the relati\e cost of providing for irrigation by the restora- 
tion of the Barrage on the one hand and by the establishment of 
large pumping stations on the other ; but, unlike Linant's, his figures 
prove that the pump project would be not only more costly but less 
efiicient. 

At, or about, the same time that Sir John Fowler Avas called upon 
to report on the Barrage, Mr. Gatget, a distinguisheed engineer 
representing the Fives Lille Company, was also invited by the Viceroy 
to do the same. He too recommended the construction of a deep 
wall close to and separate from the Barrage, but above the existing 
work at a distance of 40 metres from it. This wall was to be carried 
down to a depth of 22 metres below zero (zero was probably L.W. L.), 
and on it were to be built sluices to hold up 5-80 metres of water. 
The space between the old and new works was to be filled up by 
extending the existing floor. 

But not satiated yet with Reports of Commissions, and Reports 
and Joint Reports of distinguished engineers, the Khedive must have 
reports upon Reports ; and so, having his opportunity, he incited Sir 
Charles Hartley, K.C.M.G., to report on the projects of Sir J. Fowler 
and Mr. Gatget, the year after they were made. After visiting the 
Barrage with Mr. Gatget and Ali Pasha Moubarak, the then Minister 
of Public Works, Sir Charles gave his opinion as follows : — 

"After a close study of the subject in all its bearings, I agree with 
Mr. Fowler and Mr. Gatget in their opinion. Firstly, that it is more 
desirable to utilise the Barrage with its bridges, locks, canals, etc., than 
to resort to other proposed solutions, such as the more costly expe- 
dients of establishing a "grand canal de derivation" high up the Nile 
to bring its waters at the low water season to the required level at the 
head of the Delta; of constructing an entirely new barrage at some 
point between Cairo and the existing Avork, or of gaining the same 
end by means of pumping only ; and, secondly, that the failure of the 
Barrage is due to defective foundations and not to any violation of 
general principles in the original design." 
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There "n-as vet another disstingui.shed engineer who reported on the 
Barrage in the same year that Sir J. Fowler and IMr. Gatget made 
their Reports, namely Lient. Gen. F. H. liundall, R.E., a Avell-known 
Anglo-Indian Irrigation engineer, formerly Inspector General of Irri- 
gation to the Government of India. His Report is dated 17th May 
187G, and was written for the information of H.H. the Khedive. The 
manner of restoring the Barrage, as recommended b}' General Rundall, 
is very nearly that which w^as actually adopted ; and further, the cost 
of the restoration was correctly estimated. 

Discussing the condition of the floor, he gives his opinion as 
follows : — 

"I cannot, however, but think myself that the great mass of the 
substructure must still be in a sound condition, otherwise the great 
superincumbent weight, which it has to support, nuist ha^e caused a 
much more serious settlement than even that which has taken place 
in the left flank of the Rosetta portion." 

"]\Iy own opinion is that the original foundations of the Barrage 
were ample as regards depth^ provided that they had been faithfully 
built ; but that they were deficient as regards breadth and the protec- 
tion given both on the upper and lower sides of the flooring." 

He recommended obtaining breadth jarincipally by extending the 
flooring and protecti\'e rubble aprons, not with the ol)ject of preventing 
springs finding their way below" the work, but as a precaution against 
scour from the rush of water over the floor. General Rundall also 
does not class the Barrage with the incurables, for he remarks : 

"The conclusion at which I have arrived is that the j^resent Barrage 
may yet be made perfectly capable of fulfilling the purpose of its 
original construction." 

He based the following recommendations on the understanding that 
two essential conditions be fulfilled, \\z. — that the flooring be laid dry 
for a thorough examination and previous to its thorough repair : and 
that the necessary works be undertaken first to restore and afterwards 
to maintain a proper equihbrium of the river flood. 

The works he considered then necessary were : — 

1. Repairs of the floor with strong cement masonrv, raising its level 
one metre and covering it with dressed Ashlar blocks. 

2. Extension of floor upstream by an aj)ron 25 metres wide and 
3 metres thick, and, in addition, tlie formation of a curtain wall of 
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masonry wells sunk 8 metres, or to the depth of the existing rough 
stone. 

3. Extension of the floor downstream by an apron 60 metres wide 
and 3 metres thick Avith two curtain walls like the upstream one. 

4. Substitution of needle system of closure for the then existing 
gates. 

He estimated that the repair work would cost £400,000, with 
£100,000 added for training the river and changing the gates — in all 
£500,000. 

If the list of works recommended in this Report and their estimated 
cost is compared with the account of w^ork done and expenditure 
incurred in the actual operations of restoring the Barrage, it will be 
seen what a close agreement there is between the two. In the work, 
as carried out, the curtain walls have been omitted, and the needle 
system of closvire has not been adopted, but the rest of the recommen- 
dations have been in principle carried out. 

Read by the light of the experience and knowledge gained since 
1875, General Rundall's Report is recognised as being that of an expert, 
who had sound views of the situation and had formed a correct esti- 
mate of the condition of the Barrages. 

In his Report Generall Rundall lays great stress on the necessity of 
training the river up-stream of the Barrage, so that its currents shall 
set in proper directions on the two sections of it, and the riA-er dis- 
charge be divided in correct proportions between the two branches. 
This training work was commenced in 1884, and has been continued 
ever since at an average yearly expenditure of about £E.3,000. The 
operations have been successful in diverting the main river from the 
western to the central channel ; and, if they are persevered with, 
complete success will attend the pohcy of gentle persuasion that is 
being followed, and, in due time, the river Avill form and flow in the 
channels shown by the thick lines_on the accompanying plan (Plate YI) 
as those which it is desired that it shall adopt. 

As a final result of all these Commissions and Reports and in spite 
of some of them, Rousseau Pasha, Director General of Pubhcs Works, 
in his yearly Report of 1883 on Irrigation, pronounced that the Barrage 
in its existing state could only be used as a distributor of the river 
discharge betAveen the tAA^o branches. To make it fit to serA^e even this 



purpose only, he proposed to spend £400,000 in raising the floor of 
the Rosetta Barrage, s(-) as to enable it, with the addition of suitable 
gates, to hold up a head not exceeding two metres; and to leave the 
Damietta Barrage alone, merely maintaining it as a bridge for traffic. 
The irrigation of Lower Egypt he proposed to provide for by a system 
of pumping stations. 

Having made up his mind in favour of pumps, Rousseau Pasha 
stated the objections against the Barrage project. The first objection 
was that the cost of restoring or repairing it would be such as to be 
prohibitive. The restoration of both Barrages has since been carried 
out successfully at a total cost of £E.4G5,000, — not a prohibitive cost; 
so this objection has been answered. 

The second objection was that he considered that the utilisation of 
the Barrage would affect the regime of the Nile inconveniently, and 
cause immense deposits up-stream of it. This objection has also beeji 
answered by experience showing that what Rousseau Pasha feared 
does not take place. 

The third objection was that it would not only be necessary to 
restore the Barrage, but to remodel the whole canal system at great 
expense. This remodelling has since been carried out at a moderate 
expenditure. 

The fourth objection was that the country would be dependent on 
one work. This is only an objection when the work can not be 
depended on. 

The fifth and last objection was that the high level, at which the 
water would be maintained, would cause damage to land from infiltra- 
tion. This objection experience has shown to be a real one, but it 
applies with far greater force to the system of irrigation by pumping, 
as it was claimed in support of thjs system that it would deliver water 
on to the surface of the land without any further lifting on the part 
of the cultivator. 

But as experience and accomjjlished facts had not disposed of these 
objections in lS83, the Barrage stood condemned in an official docu- 
ment to play a minor part in the irrigation of Lower Egypt to that 
for which it was originally designed, and it was accounted of no 
reputation. 



BINDING THE LANDS OF THE NILE. 

(Photograph by the Author.) 
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CHAPTER 11. 



Description of the Baekage and its Object. 



n^HE object o£ the Barrage is to obtain control over the Nile at 
the Head o£ the Delta, a control absolute in summer and partial 
in a low flood, but non-existent or rather not asserted in a full flood. 
On the pedestals of many of the royal statues of ancient Egypt is 
to be found a device which symbolises the king's authority over the 
united kingdom of Upper and Lower Egypt. A scene in the coronation 
ceremonies of the Pharaoh gave public expression to the idea of union, 
and was the origin of the record of it which exists in the device. 
The particular example reproduced as Plate VII is to be found on the 
pedestal of the statue of Ramses II which stands on the west flank 
of the entrance leading to the Luxor temple through the main pylon. 
Professor Maspero has interpreted to me the meaning of the design. 
Its general signification is that of the union of the two lands under the 
control of a single ruler, and it is called the binding of the two lands. 
The central vertical shaft — like a spade with its crosshandle — about 
which the binding takes place, and above which is the King's cartouche, 
is the symbol of Union and Control. The two figures represent the 
Gods of the Upper and Lower Niles binding together the lands of the 
lotus and papyrus into one united Kingdom under the Pharaoh. The 
richness of the country over vfhich the Nile gods preside is indicated 
by the overfed appearance of their bodies. The symbolism of this 
device of more than four thousand years ago might appropriately be 
applied to the modern works at the head of the Delta where the Nile 
bifurcates. The well favoured gods may be taken to personify the 
Barrages astride of either branch of the river, the one branch being 
represented by the lotus group between the feet of the right hand god, 
and the other by the papj^rus of the god on the left hand. By the 
power of these two the river is bound and brought under the control 
of the Government represented by the King's cartouche above. 
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There is another device of ancient Egypt, interesting in this con- 
nection, which depicts what was the earl}' conception of the source of 
the Nile. It is to be found in Hadrian's Portal on the West of the 
Temple of Isis on the island of Phila?. The goddess of the Nile, 
portrayed as a female figure with a head-tire of papyrus reeds, kneels 
in a ca\e with the sacred serpent surrounding her, and pours out the 
water of the river from two vases held in either hand. Above, perched 
on the granite boulders, a vulture (Muth) and a hawk (Horus) do 
sentry duty. Leave out the granite boulders and the birds, and the 
device would be. a fit symbol of the Nile at the Barrage, where the 
twin branches of the river have their origin. For this reason it was 
chosen for the cover of this book. 

The two branches divide the Delta into three separate divisions ; 
the Barrage consists of Regulators built across each branch of the Nile 
at the apex of the Delta, and the irrigation of the three divisions is 
provided for by three main canals fed from the high-level water above 
the Barrage (see Plate Yl.) The west division is the Province of 
Beherah and is irrigated by the Rayyah Beherah ; the central division 
comprises the ]\Ienufiyah and Gharbiyah Provinces and is irrigated by 
the Rayyah Menufiyah; and the east division, comprising the Provinces 
of Kaliubiyah, Sharkiyah and Dakahliyah is irrigated by the Rayyah 
Tewfiki (made in 1889), assisted by the canals Ismailiyah, Sharkawiyah 
and Basusiyah. These last three canals take off from the right bank 
of the Nile between Cairo and the Barrage, and are also afEected by the 
regulation of the river level at the Barrage : they provide irrigation 
for the Province of Kaliubiyah and the greater part of Sharkiyah. 

The Rosetta Barrage has sixty-one arches and two locks, and is 465 
metres long between the flanks : the Damietta Barrage had originally 
seventy-one arches (since reduced to sixty-one) and two locks, and 
was 535 metres long. 

The Barrages, according to the originally accepted design, had 
respectively seventy-two and sixty-two arches, and also a navigable 
opening in the centre of each Barrage, 14'50 metres in width, which it 
was intended to leave always open. These navigable openings were 
converted into two arclies, each of 5'50 metres span, and the place of 
three end arches was occupied by a lock constructed on the flank where 
no lock had been provided in the original design. The two Barrages 
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are separated by a revetment wall about 1,000 metres in length, in the 
middle of which is situated the head of the Rayyah Menufiyah. The 
arches of the Barrages are all of 5 metres span, except the two in the 
centre, which are 5-50 metres. They are fitted with gates which are 
used to close the openings during summer with the object of raising 
the water-level, but which are lifted clear of the water in flood to allow 
a free passage for the river. It was originally intended that the 
Barrage should be capable of raising the water-level, when the river 
was at its lowest, by 4 J metres or 14 feet 9 inches, but this it was 
never equal to doing. 

A peculiar feature of the Barrage, before its restoration, was an iron 
■grating, 30 centimetres high, fixed into the piers across each opening 
between the bottom of the gates and the floor surface. These gratings 
allowed of a free passage of water when the gates were down. They were 
originally put in to prevent deposit of mud in front of the gates when 
shut. The gratings on the Rosetta Barrage were capable of discharging, 
Avith a head of 1"75 metres, over 240 cubic metres a second, according 
to Mr. Willcocks. It was found that the severe action below the 
Barrage, when a gate was lowered to its full extent, was due to these 
iron gratings, and not, as it had been supposed, to a honey-combed 
foundation. Mr. Willcocks remarked in the first edition of "Egyptian 
Irrigation," that this fact was apparently unknown to the Avriters of 
the reports on the Barrages, and pointed out that it ought to have 
been evident that, if all the action observed was due to fissures in the 
foundation, the Barrage would have been swept away many years 
before. But, though the existence of these iron gratings seems to have 
been forgotten in 1884, it was not so in 1871 ; for M. Lavalley, in a 
Report on the Barrage dated 10th April 1871, refers to them in the 
following passage :- — 

" Enfin les ouvertures qui existent dans les seuils en fonte devront 
etre bouchees. Les pertes d'eau qui se feraient par ces seuils sont telles, 
qu'elles ne permettraient meine pas d'atteindre a I'etiage une charge 
d'eau d'un metre. La denivellation de 1-75 metre qui a ete constatee 
etait due sans doute k la hauteur du Nil a ce moment et k ce qu'un 
certain nombre d'ouvertures etaient deja obstruees." 

Another peculiarity was the original form of iron gate with which 
some of the openings had been fitted. The gates were formed of a 
succession of hollow cylinders of varying diameter united by double- 
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walled diaphragms so as to form a species of caisson. They were 5 
metres broad and 5| metres high, sha])ed as the arc of a circle, and 
supported at either end b}- iron rods radiatiiig from the centre to the 
arc ; these rods were attached at the centres of the arcs to massive iron 
collars working round wrought-iron pi\ots fixed in cast-iron blocks 
embedded in the masonry of the piers. They were designed to close 
or open themsehes automatically, according as they were filled l:)y 
water or compressed air, so as to constantly maintain the normal head 
of -i^ metres. The compressed air was to be supphed by a pump set 
in motion Ijy the current of the river, so regulated by a valve and float 
that the air should escape freely if the level were exceeded. Thus it 
was fondly hoped that the only manipulation of the gates that would- 
be necessary would be the raising them out of water once a year on 
the arrival of the flood. 

The svotem was so complicated that there was practical unanimity 
among all the T\riters of the many Reports on the Barrage as to the 
advisability of substituthig a more simple system sanctioned by past 
experience. Nevertheless, forty-seven out of the sixty-one openings 
of the Rosetta Barrage had been fitted with this complicated form 
of gate. The remaining fourteen were regulated by vertical wooden 
piles resting against oak horizontals, probably as a temporary measure 
until the iron gates should be supplied. Both these forms of closure 
may be seen on Plate XL 

As was to be expected, the ingenuity displaj^ed in the iron gates was 
misplaced; the gates would not work ^vithout the persuasive power of 
a powerful winch. The<e gates have been replaced since 1884 by 
more simple and more efficient ones. The hollow ribs of the original 
gates may now be seen scattered about the country, serving as land 
boundary pillars and kilometre j^osts; and parts of them were 
utilized as pontoons during the construction of the Weirs described in 
Chapter V. 

The new system of regulation, adopted in the restored Barrage, 
consists of Avrought-iron gates provided with rollers sliding in cast- 
iron grooves fixed in the piers. Since, before the Weirs were built, 
the maximum depth of water on the floor, when the Barrage was being 
regulated on, was 4|- metres (14|- feet), each opening ^^-as given double 
grooves and two gates, of which the upj^er one was always 2^ metres 
high, and the lower one in the Damietta Barrage 2 metres. In the 
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Rosetta Barrage the height of the bottom gate varies from 2J to 1 metre 
in height on account of the floor haA'ing been raised to different levels 
during the repairs. In one arch, No. 9, there is no bottom gate at all, 
the floor level being at R.L. 11 -50. The top of the upper gates, when 
the Barrage was closed, was, before 1900, at R.L. 14-00, and of the 
lower gates at R.L. ll'oO throughout. 

In Chapter V concerning the subsidiary Weirs, it will be pointed out 
why, in 1900, the top gates of both Barrages had an additional height 
of one and a half metres added to them, so that the top of the gates, 
when fully down, is now at R.L. 15'50. 

The gates are lowered and raised by ineans of powerful crab av inches 
(of which there are now three to each Barrage) travelling on continuous 
rails. 

Plate VIII from "Egyptian Irrigation" by Willcocks, gives details 
of the Barrage as originally built, or intended to have been built. 
Plate IX gives a section of the Barrage laid down as that to be worked 
to during the restoration. The type had often to be departed from 
duriag the work to suit the special conditions met with. 

For record's sake I give below the varying levels of the floor on the 
Rosetta Barrage: — 

At R.L. 9-00.— No. 19 to 22, 24 to 25, 27 to 45, 55 to 61. 
R.L. 9-20.— No. 46 to 54. 
R.L. 9-50.— No. 1 to 6, 12 to 18, 23 and 26. 
R.L. 10-00.— No. 7 and 11. 
R.L. 10-50.— No. 8 and 10. 
R.L. 11-50.— No. 9. 

The floor of the Damietta Barrage is at R.L. 9-50 in every archway, 
except Nos. 60 and 61 in which the floor level is R.L. lO'OO. 

The arches, throughout this account, are numbered from west 

to east. 

In Chapter I it was shown that the east half of the Rosetta Barrage 
was founded on a mass of rubble stone tipped into the water to fill up 
the deep channel of the river. In several of the Reports on the Barrage 
a fear was expressed that, when it was subjected to a head of water, 
a flow would take place through the unfilled interstices of the rubble 
heap. This, however, does not now at any rate take place, as the Nile 
deposit has staunched this mass of loose stone, and it is not improbable 
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that this section of the Barrage had become the most secure por- 
tion of the whole constrviction even before the cement grouting 
process (to be described in Chapter IV) had been apphed to the founda- 
tions, whereby, there is httle doubt, they were further strengthened 
and staunched. 



CHAPTER 111. 



HiSTOKY OF THE BaRRAGE FROM 1884 TO 1894. 



\ new period in the history of Egyptian irrigation began in May 
"^^ 1883, when Sir Colin (then Colonel) Scott Moncrieff came to 
Egypt, and the Irrigation Department and Works were entrusted to 
him to be put in order, with the satisfactory results recorded in various 
publications since that date. But this account is concerned with the 
Barrage alone, and the temptation to digress and tell of what the 
Department, organised by Sir Colin, has done, must be resisted. 

The Public Works Ministry had just concluded a contract, to last 
until 1915, with a private Company to supply irrigation to the 
Western Delta at a cost of about £50,000 per annum ; and the first 
thing Sir Cohn had to do was to pronounce on a proposal to extend 
the application of this system of irrigation by means of pumps to the 
whole of Lower Egypt at an initial cost of £700,000 and an annual 
outlay of £248,550. 

Hitherto there had been differences of opinion as to the relative 
merits of the two systems of providing for the irrigation of the 
Delta — by means of the Barrage, or by pumping. But, at the time 
of Sir Colin's arrival, unanimity seems to have been established, and 
all, English as well as foreign engineers, warned him to have nothing 
to do with that unsound work. Sir Colin, however, with his Indian 
experience to influence him, was not satisfied with the soundness of 
these conclusions, and, before accepting the extravagant programme 
of pumping stations, he felt that he must be certain that the Barrage 
was the worthless failure it was represented to be. 

In December 1883 therefore, when Mr. WiUcocks came from India 
to join the Egyptian Irrigation Service, Sir Colin stationed him at 
the Barrage to apply his enthusiasm and recognised ability to the 
task of testing the work and determining what it could be called upon 
to do. Mr, Willcocks found the closing apparatus in very bad order; 



— 32 - 

the staff, though large, quite incapable of doing anything beyond 
drawing their pay, and appliances and tools almost entirely wanting; 
the stone pitching below the Barrages had never been completed and 
the Damietta Branch had no gates at all. Mr. Willcocks set to work 
to remedy or remove these defects, expending £E. 25,611 in so doing 
during 1884. As the river fell, first one and then the other Barrage 
was closed, this being the first time that the Damietta Barrage had 
ever been regulated on at all. The result of these operations was 
that, in June 1884, 2'20 metres (7 feet 2 inches) of water was being 
held up on the Rosetta Barrage and about 0"95 on the Damietta, 
obtaining thereby a command of water of about one metre more than 
the average, which, however, was due in part to a favourable summer 
Nile. Not only was an abundant supply of water thus obtained for 
all the lands irrigated by the Delta canals, but the water was delivered 
at a higher level, and such enormous savings in canal clearances were 
effected that the idea of abolishing the Corvee was entertained for the 
first time. The maximum head ever held up before by the Rosetta 
Barrage was 1-75 metres (5 feet 9 inches), and this was only for a 
short time. 

Previous to 1884, the cotton crop had given the greatest outturn in 
1879, when the Nile at Aswan at its lowest was 1'39 metres higher 
than in 1884. The outturn in 1879 was 3,186,060 kantars or cwts.; 
in 1884 it was 3,630,000 kantars. The result, therefore, of the first 
year's experiment was satisfactory and encouraging. 

In 1885 the summer Nile was a low one. But the Barrage was 
this year made to hold up as much as 3 metres (9 feet 10 inches) on 
the Rosetta Branch and 1"76 metres on the Damietta Branch, and this 
gave the canals an increased level of 10 centimetres over the supply 
of 1884. But an unpleasant reminder of the warnings to leave the 
Barrage alone occurred on the 21st March, when a ^\'idening of the 
cracks was observed in arches No. 7 and 8 of the Rosetta Barrage, 
and there was a downstream subsidence of the old cofferdam put in 
years before to protect this most doubtful part of the work. Masses 
of stone were thrown in round the cracked portion, so as to take 
the strain off it as much as possible. Just previously to this the 
head on the work had been di\ided into two by forming a bar of 
rubble on the floor of the Barrage as shown in the diagram Fig. 7, 
so as to oj)pose more weight to the increased horizontal thrust. 
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This bar contained 26,100 cubic metres of stone and cost £E.7,627. 
The bar was removed in July and utihsed in the downstream apron 
of the Barrage. The sum spent on this year's operations was 
£E.18,246. 



^^9- 7 

DIAGRAM TO SHOW BAR ON FLOOR 
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-f'-^' -2, Below Barrage 




In 1886 the manner of working the Barrage and the results were 
much the same as in 1885. During this period of experiments — 1884 
to 1886 — Mr. ^Yillcocks, (who was also responsible for the irrigation 
of the two Central Provinces of the Delta,) had Mr. Arnold Perry 
to assist him as Resident Engineer at the Barrage. 

While temporary measures were being successfully employed by 
Mr. AVillcocks to make the Barrage do its dut}' to a greater extent 
than hitherto, steps were being taken to provide ways and means 
for its permanent restoration. In 1885 a loan of a million pounds 
sterling was obtained for irrigation works, of which the most im- 
portant was the Barrage Restoration. Lieut. Colonel Western came 
the same year from India to direct the works which were to be built 
with the Million, and he brought with him the late Mr. A. G. W. Reid, 
who was afterwards specially charged Avith the Barrage. 

Before describing what was done to the Barrage, it A-^ill be as well 

Z 



— 34 - 

to explain what system it was decided to adopt. As a result of 
Mr. Willcocks's experiments with the Barrage in 1884 and 1885, it was 
resolved first that the irrigation of Lower Egypt should be carried out 
on the general scheme laid down l)y Meliemet Ali, -which consisted 
in raising the Nile level by means of Regulators and producing a 
natural flow of water into the canals. The rival proposition to raise 
the water artificially by pumping from the ri\'cr into the canals was 
rejected. 

The next question to be settled was : — Should the Barrage itself be 
repaired and strengthened, or should ne^^' works be constructed to 
do the work which tlie Barrage had been desig-ned to do, but had 
hitherto failed to accomplish ? 

For some time after their arrival Colonel Western and Mr. Reid 
thought the task of restoring the existing Barrage so unpromising that 
they were inclined to favour an entirely new work, and estimates were 
framed accordingly. But after some hesitation and the examination 
of alternative j)roposa]s, it was finally decided not to abandon the old 
Barrage, if it were foiuid possible to repair it. To settle this ]3oint, it 
was considered necessary to get down to the floor and find out its 
actual condition ; -\^hicli was not so eas}' to do under tlie 4|- metres 
(loj feet) of water which covered it. Still this was successfuUy ac- 
complished in I81SG by the simple plan of forming earth banks above, 
below and across the Barrage to enclose tweut}' arches at the west end 
of the Eosetta Barrage, and pumping the ^vater out of the enclosed 
space. ^Yithin this sjjace the bed of the Nile and the Barrage floor 
were laid dry without excessi-s'e pumping, although they were about 
5 metres (16 or 17 feet) below the surface of the water outside the 
banks not fifty yards off (^see Fig. 8). 

In consequence of what was then seen of the foundations of the 
Barrage, it was decided to iindertake its restoration, and it therefore 
remained to lay down the lines on which the restoration should be 
carried out. Under a head of water there was danger of the fine sand 
and mud, on which the Barrage, as constructed, was founded, being 
forced out from under the floor, and of the work failing from being 
undermined. The problem, then, requiring solution was how to make 
the Barrage into an impermeable bar across the river, under which 
water, acting -with the force due to the head it was desired to maintain, 
should not be able to make its Avay. 
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Sir Jolm Fowler's proposal of a deep and massive down stream 
curtain wall was rejected on account of the difficulty of building it, 
its great cost and the danger of bringing down the Barrage in the 



PLAN OF ROSETTA BARRAGE 

Fiq. 8 




ROSETTA BRANCH 



process of sinking the wall. As deep excavations in the neighbourhood 
of the existing work were considered dangerous, Colonel AVestern 
decided, in preference t( > constructing deep curtain walls, to spread the 
foundations out hoi'izontally, so as to form a broad water-tight plat- 
form. This was the system adopted by Sir Arthur Cotton in the 
construction of the great river dams of Southern India. It was held 
that the same result \\'as obtained 1j}' wide foundations as b}' deep 
ones, provided the distance that the percolating water had to travel 
alonsf the underside of the foundations Avas tlie same. If the fouiida- 
tions were wide enough or deep enough, the passage of the water 
would be checked to sucli an extent that not only would the water be 
unable to carry sand and mud aA\'ay from below the work, but it 
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Avould also part Avith any sand or mud it might have brought "n'ith it, 
and so cause the substratum to become more and more impermeable. 
The accompanying diagrams will serve to explain this theory. 



Fij. 
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Oriqinat Section 





->- /4- metres 5* 



Sir J. fow/er 's proposed Section 




But besides adding to the width, it was necessary to give additional 
security to the old work. This was to be done by covering the existing 
floor with a layer of Portland cement concrete 1"25 metres (4 feet) 
thick, over which was to be laid a heavy pa^'ement of dressed Trieste 
Ashlar stone under the arches and over the down stream apron, where 
the action «as most severe. The floor ^\as to be extended up stream 
25 metres in rubble limestone masonry. Along the up stream edge of 
this extension a line of sheet piling, 5 metres (16 feet) deep, was to 
be carried across the whole river. Plate IX. 
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This programme was generally carried out, but, where special diffi- 
culties were met with, the new flooring often exceeded 2 metres 
(6|- feet) in thickness. See Figure 10, which shows by typical cross- 
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SEC (3) 



sections how the work was actually executed. The difficulties of the 
work were much increased by the necessity of using the Barrage to 
hold up water for irrigation all the time work was going on, the 
strength of the springs to be dealt with being thereby greatly increased. 
Sir Colin compared the operations to mending a watch without stop- 
ping the works. The working season, moreover, between the floods 
was short, and in the most favourable year extended only from the 
1st November to the end of June. More than two months of this 
period was expended in forming the ring banks, and nearly as much in 
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pumping out the enclosure and making other prepare tions. Only four 
months were left for actual work on the floor, Avhicli could not generally 
be begun before the 1st March. 

It has been already stated that in 1B86 twenty arches of the Rosetta 
Barrage were enclosed and laid dry for the purpose of examining the 
floor in this, the worst section of the Barrages, with the view of en- 
abling a final decision to be taken as to the general restoration; and 
that, as a result of the examination, the restoration was decided on. 
Advantage was taken of this opportunity to partially repair the floor 
under six of the arches. 

As the whole discharge of one branch of the river could not be shut 
ofE at a time, it ^vas arranged to spread the -work of restoration over 
four seasons, half of one Barrage being taken in hand at a time. 

Sir Colin, in his "Note on the Nile Barrage, 1890," shortly des- 
cribes the four seasons' Avork, and the following account is taken almost 
verbatim from his Note. A more detailed account ivill be found in 
Mr. lieid's Reports and an abridgment of the late Liernur Bey's 
Report, published in the Irrigation Reports for 1887, 1888, 1889 and 
1890. 

Work began in earnest in 1887, when the western half of the Rosetta 
Barrage was undertaken. The first season was the worst of the four. 
Experience of what was to be done was less and appliances more 
incomplete than in succeeding seasons, and the section of the Barrage 
taken in hand was in much worse condition than any other. 

On the 2nd December 1886 the enclosing earth dams were begun: 
on the 24th ]\larch 1887 the first stone of the new work was laid. 
From the latter date work was carried on day and night, electric light 
being used during the night, while nine powerful steam pumps were 
constantly at work keeping down the water, until, in anticipation of 
the arrival of the flood, the last piece of machinery Avas removed from 
the completed floor on the 1st July. Before the next morning the 
risuio^ flood had covered all that had been done. 

During the course of the season's work fresh and unlocked for 
difficulties were experienced every day. A serious difficulty arose in 
connection with the Western Lock. It A\'as found that the massive 
outer wall of the lock rested on foundations, the base of which was eight 
feet higher than the Barrage floor. To dry the latter, work had to go 
on belo'\\" the lock foundations, and these foundations were appallingly 
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Plate XI. 
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bad, as described by Mr. Reid in his Report. It was only with diffi- 
culty that the lock wall Avas prevented from falling over bodily. 

In the Barrage itself it Mas found that the floor, as well as the arch 
of one opening, was cracked across diagonally, showing a complete 
fracture of the work, the fissure being four inches wide. Strong springs 
burst out daily in fresh places, and had to be staunched at an immense 
expenditure of material. Daily Mr. Reid had to face some new trouble 
and to invent some new expedient, and he was always equal to the 
occasion. The result of the season's work was satisfactory, and esta- 
blished confidence in the ultimate success of the restoration. 

In 1888 the eastern half of the Damietta Barrage was attacked, and 
the work proved to be easier than that of the preceding season. The 
earthen dams were begun on the 1st December 1887, and the repairs to 
the floor on the 9th March 1888. The condition of this Barrage was 
much better than that of the other, but it seemed that this was so, 
only because the work had been less tried. There was the same inferior 
and careless work. The floors of some of the arches were quite un- 
finished, and if the gates had e\'er been put in place and subjected to 
pressure, the effect must have been as disastrous as in the case of the 
Rosetta Barrage. By the 20th June, when this season's work came 
to an end, forty -one arches had been put in order. 

After the deficient flood of 1888 the river fell fast, and as early as 
the. 2nd Xovember the earth dams were begun to enclose the eastern 
half of the Rosetta Barrage, A\'hich still remained to be repaired. This 
Avas the section of the Barrage which had been built on a mass of 
loose rubble. It Avas a fortunate thing that the dams could be begun 
so early, as they had to be formed in Avater ^\hich, OA^er a length of 
100 yards, averaged 40 feet in depth. This season's work was the 
easiest and least eventful of all, and was completed in good time in 
June 1889. Plates X and XI are photographs of this season's work, 
taken by J. Heyman, Photographer, Cairo. 

In November 1889 the last season's work began. It was expected 
to be a very easy one, but proved otherwise. There did not appear 
to be very much to do, since, of the seventy-one arches of the Dam'ietta 
Barrage, forty-one were already finished, and it had been resolved to 
cut off and close the ten arches together with the lock at the AA^est end 
of the Barrage, as it was found that the extra waterway, provided 
by them, Avas in excess of what was necessary or even desirable. 
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There were only twenty arclies then to repair, and the work seemed 
advancing very fast, when suddenly a powerful spring burst out in 
the half-repaired floor, and it was found that a rush of water was 
finding its way, fi'om a point in the river outside 70 metres distant, 
under a portion of the new flooring laid in LS8S. This s])ring, throwing 
up mud and sand, soon drowned out the pumps. Mr. Reid promptly 
cut his enclosure banks and flooded the whole area. The action of the 
stream had washed out the treacherous soil below the new upstream 
apron and a consideraljle portion had settled as much as four feet. 
]\Ir. Reid then threw up new banks, so as to isolate the unsound 
])arts, and, little liy little, with great precaution and frequent checks, 
he repaired all the mischief. 

On the 16th June 1890 he reported that the Barrage below water- 
level was finished. Four sea-^ons' anxious Avork was at an end, and 
the Barrage was pronounced to be capaljle of holding up four meti-es of 
water. The work was then placed under Mr. E.W.P. Foster, Avith 
]\I. Lierniu' as resident engineer. It will be pointed out further on 
what it has actually done. 

The total cost of this restoration for both Barrages was £E.465,000. 
The quantities of masonry executed were : — 

Cubic nietrPB. 

CWcrete 23,863 

Rubble masonry 54 411 

Ashlar masonry 6 983 

Brick masonry 2 680 

Dry rubble latching 25,460 

Total o£ all sorts... 113,397 



The restoration, though complete, Avas not to put an end to all 
anxiety for the Barrage, and ^Ir. Foster Avas to have his trials. The 
accident of the 1890 season left a serious defect behind it, which 
declared itself as soon as the liead on the liarrage l^ecame consideraljle. 
In :\Iay, 1891, when the Damietta Barrage Avas holding up 3-18 metres 
of water, seven spi'ings appeared along the doAvnstream edge of the 
masonry floor opposite bays 2i). 21, 2i>, 2.5, 20 and 37; and it Avas 
ascertained Ijy experiments that these springs arose from Avater Avhich 
Avas passing under the floor from upstream of the Barrage. A large 
inlet was discovered ui front of bay 29-30. The inlet crater was fiUed 
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with sacks of sand and an island of soil formed over it up to water- 
level, and the upstream apron floor was also covered with soil. This 
weakened but did not stop the springs, as the soil Avas too light, but 
further work had to be postponed till the next season. 

The following system for stopping the leaks was eventually adopted 
by Mr. Foster, after consulting with Colonel Western. A trench of the 
dimensions given in the accompanying diagram (Plate XII) was cleared 
of its rubble pitching and porous soil by dredging along the upstream 
edge of the floor in front of from three to five bays at a time. This 
trench -^^as then filled with stiff clay deposited in layers of half a 
metre thick, pressed down l)y means of a sledge drawn over it, to 
form an impervious curtain. Over the junction between the clay 
and the masonry floor a broad clay bank one metre high was formed 
and consolidated to make a tight joint : it was then covered with a 
layer of sacks filled with concrete and laid close together to protect the 
surface of the clay from erosion by the current. Great care had to 
be taken that this joint was properly cleared of loose material before 
the, clay Mas laid on it, and that the concrete in sacks was carefully 
bedded and arranged. To do this a di\'ing bell was made use of. 
Careful soundings made in 1(S95 over the whole area of concrete 
sacks showed that they had not been displaced by the flood. 

In 1892 and 1893 a bank had been made down stream of the 
Barrage enclosing the springs, so as to decrease the head on them by 
letting the water rise in the enclosed pond; but this precaution was 
not considered necessary in 189-1, as the s])rings had been almost 
entirely staunched. 

Since then, three weak springs, throwing perfectly clear water, have 
been found to exist down stream of arches 21 and 26, but it has been 
ascertained that these have no direct communication under the floor 
with the upstream side of the Barrage. 

It may be as well here to correct what I consider to be misleading 
in a statement made about the Rosetta Barrage in the standard work 
on irrigation in Egypt. In his second edition of "Egyptian Irrigation," 
p. 288, Mr. WiJlcocks expresses his views as to the existing waterways 
of the two Barrages as follows : — 

" The Rosetta Barrage with a mean width of 450 metres has only 
sixty-one openings of 5 metres each, while the Damietta Barrage, 
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witli a mean width of ri\er of only 2o0 metres, lias also sixty-one 
opening's of .") metres eacli. To the most casual observer of the Bar- 
rages in high flood, the inadequaev of the Kosetta Barrage is as apparent 
as the unnecessary length of the Damietta Barrage." I\Ir. Willcocks 
concludes that the Bosetta Barrage should have its waterway increased 
by an additional nineteen ojienings of 5 metres each. 

That the Damietta Barrage A^aterA^'ay is still, in spite of its reduction 
from seventy-one to sixty-one arches, unnecessarily large is shown by 
the silting up of from fi\e to ten arches on the west flank, which takes 
place annual!}' during flood, and liy the slight action there is down- 
stream under an}' conditions of head and discharge. But it is not 
logical to argue that, l^ecause the Damietta Barrage is too large, the 
Rosetta Barrage is too small. If the Rosetta Barrage waterway Avere 
]isuflficient, the insufficiency would be shown l)y the disturbance of the 
protectiA'e materials forming the loose apron beyond the floor, or by a 
scouring out of the river bed be}'ond the talus, though this latter effect 
would rather show that the protective apron A\'as not long enough. 
But there are no such effects 2)roduced. Since the restoration of the 
])arrages was completed in 1890, no addition or repairs to the talus 
pitching have been necessary, and there has been no disturbance of 
stones of even small size. This has been ascertained by actual vision 
when the floors \^■ere laid almost dry in 1899 by careful caulking of the 
Barrage gates. Lest any one should be inclined in the future to 
question this statement, I took photograjjhs of the downstream views of 
both Barrages in ISlJi) at such conditions of water-level as will never be 
repeated again on account of the construction of the new Weirs which 
pond up the water over the l^arragc floors. Tavo of these photographs 
are reproduced here. The vieAv of the Damietta Barrage (Plate XIII) 
Avas taken on 1st April 1899 when the gauge reading doAvnstream of the 
Barrage gaA'e a AAater-level of R.L. 10-00. That of the Rosetta Barrage 
(Plate XIY) Avas taken on 2()th June 1899'AA^hen the doAvnstream level 
AA-as R.L. 9-93 and the ujjstream R.L. 13-93, and, therefore, when the 
Barrage was holding up its theoretical maximum head of four metres. 
The former view shoAvs the remains of the banks of stone already 
referred to as having been made in 1892 and 1893 to enclose the 
sprhigs. 

The facts are that, with a high flood level of R.L. 18-31, the Rosetta 
Barrage has, since the restoration, a waterway of 2,767J square metres. 



Plate XIII. 



VIEW OF TALUS OF DAMIETTA BARRAGE. 

(Photograph by the Author.) 




Plate XIV. 



VIEW OF TALUS OF ROSETTA BARRAGE. 

(Photograph by the .\uthor.) 
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The discharge at high flood is 6,505 cubic metres a second, so that the 
mean high flood velocity between the piers is 2'35 metres a second. 
The afflux is 22 centimetres. And under these conditions there has 
been no disturbance o£ the talus or scouring of of the river bed beyond, 
{see Plate XIV). 



CHAPTER IV. 



Cejient-Grouting Operations for further Security 
OF the Barrage Foundations. 



T^URIXG the flood season o£ 1892, while there still remained to 
^-^ carry out two seasons' work on the clay apron addition to the 
upstream floor o£ the Damietta Barrage, Sir Colin Scott Moncrieff 
retired from the Egyptian Service, and Mr. (now Sir WiUiam) Garstin 
succeeded him as Under Secretary of Public Works. A month earlier. 
Colonel J. C. Ross, Inspector General of Irrigation, had also retired 
and was succeeded in Lower Egypt by Mr. E. W. P. Foster. The 
Barrage was thus, henceforward, committed in trust to new hands so 
far as the Chief of the Service was concerned, while Mr. Foster, with 
Liernur Bey under him, remained in immediate charge as before. 
These changes were followed by others in 1894. Liernur Bey, who 
had Ijeen a most careful nurse to the Barrage, died while on leave; 
and ]\Ir. Foster, short!}' after, retired from the Service, feeling more 
regret at parting A\ith the Barrage than with any other part of his 
charge. The author succeeded Mr. Foster as Inspector General, and 
Mr. E. ]\Iason (whose connection with the Barrage has been longer 
and more intimate than any other ofHcial's) filled Liernur Bey's place 
temporarily, until J\Ir. Allan Joseph relieved him towards the end 
of 1895. 

During this period of changes of staff, nothing beyond the completion 
of the clay apron was attempted with the object of making the Barrage 
more secure. Bat, at tliis time, a change (which the yellow primrose 
variety of visitors to the Barrage may consider as all-important) was 
brought about in the appearance of the grounds separating the two 
Barrages. After the restoration, tlie^e waste spaces were covered with 
the scattered remnants of l^uilding materials, and were chequered with 
pitfalls and stumbling-l^locks. Mr. Foster and Liernur Bey effected 
much in tid^'ing up what was untid\-, and in levelling up low places 
where mosquitoes multiplied. But it was left for Mr. Walter Draper 
F.R.H.S. (who was engaged at the end of 1895) to apply his talent 
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for landscape gardening to the Barrage grounds, and to change thereby 
the bareness that he found into the deUghtf ul gardens which now add 
to the Barrage a charm such as bricks and mortar alone could not 
display. A view of a recently laid out portion of the grounds is given 
on Plate XV. 

During the years 1895 and 1896, nothing was done to the Barrage 
beyond watching the springs and examining the floor, and no fresh 
signs of insecurity were detected. But for all that, a sense of security 
was still wanting. 

A perusal of the foregoing chapters — which bring the history of 
the Barrage up to the end of 1894 — will probably lead the reader to 
the conclusion that, though the Barrage had been made to perform 
its duty, the desired result had been brought about in spite of the 
facts that • its floor and foundations rested on a treacherous subsoil 
and that they consisted of patchwork, the subsequent additions to 
the original structure having been formed about an unsound nucleus, 
the radical defects of which necessitated those additions; so that the 
resulting work had little that was homogeneous about it. The three 
springs downstream of the Damietta Barrage floor, which up to 1896 
were still yearly detected, as well as an old spring opposite arch No. 5 
of the Rosetta Barrage, which was looked for and found in 1896, 
though not of a nature to cause anxiety, still showed that there were 
some imperfections in the foundations or in the soil below the 
foundations on which the Barrage rested. Warnings had also been 
uttered, among them one by Sir Colin Scott Moncrieff himself, pointing 
out that, though ofE the sick list, the Barrage was stiU of delicate 
constitution, and must be handled with unceasing care and watchfulness. 
And, with this warning, he handed over the great responsibility of the 
care of the Barrage to his successor. Sir William (then Mr.) Garstin, 
under whose supreme direction the works, now to be described in 
this and the following Chapters, Avere carried out ; and to such good 
purpose that a sense of security may now at last be said to have been 
established. But at the time that the warning was penned, a just 
appreciation of the immense importance of the Barrage to Lower 
Egypt, and a knowledge of the defective condition of the old founda- 
tions that lay under and v^'ithin the later additions, created a feeling 
of uneasiness and apprehension in the minds of those who were 
responsible for the safe-keeping of the work. Hence any proposals 
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tending to remove the causes of this uneasiness were welcomed, though, 
in the opinion of some, it were better to leave well alone. On this 
principle of leaving well alone no work with the view of strengthening 
the foundations was undertaken in 1895 and 1896. 

But, in the spring of 1896, Sir William Garstin arranged with the late 
Mr. ^X. R. Kinipple, M.I.C.E., that he should come to Egypt to advise 
the Egyptian Government on the question of applying his system of 
"Stock-ramming" to two locks on the Ismailiyah Canal which had 
shown unmistakeable signs of failure of foundations; and advantage ' 
was taken of his presence in Egypt to consult him as to the practica- 
bility of applying his system to the Barrage so as to make it sufficiently 
secure to remove all doubts as to its permanent stability. His report 
encouraged the hope that its application might succeed. 

Soon after Mr. Kinipple had been asked to give his advice, some 
slight hair-cracks appeared in arches Nos. 7 and 8 of the Rosetta 
Barrage, but after their first appearance they did not enlarge. No 
doubt the appearance of these cracks, whatever may have been their 
cause, removed any hesitation that might ha's-e been felt as to the 
desirability of giving Mr. Kinipple's system a trial as a means of 
making- the foundations of the Barrage secure. 

Sir ^^". (larstin, therefore, decided to commence work after the flood 
of 1896 and to experiment on eleven arches of both Barrages opposite 
the springs which were knoA\'n to exist. If the springs had been 
thereby stopped and the operations had proved otherwise satisfactory 
and successful, the rest of the two Barrages were to haA'e been similarly 
treated. The Egyptian Government was fortunate enough to secure 
the services of Mr. Kinipple himself for sui)erintending the first 
season's experiniental work. 

The system of " Stock-ramming," as applied to the Barrage, consisted 
in forcing plastic clay under pressure down holes bored in the thickness 
of the piers to the underside of the floor. Mr. Kinipple was confident 
that the pressure would cause the clay to spread itself out under the 
floor and foundations, and displace the shifting sand met with, or 
render it so compact as to make it capable of resisting without leaks 
the maximum "\\'ater pressure desired. 

Three vertical holes, situated 3^ metres apart on the longitudinal 
axis of each pier, were to be bored down to the underside of the 
lowest layer of the foundations. These holes were then to be lined 
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with iron tubes, and the clay, formed into pellets, to be passed down 
them, and be subjected to pressure. It was hoped that the clay from 
adjacent piers would meet under the flooring between the piers and 
there unite so as to form a continuous water-tight curtain wall under 
■the centre of the Barrao-e. 

But this hope was not realised on the eleven piers of the Damietta 
Barrage which were selected for the experiment. No amount of 
ramming sufficed to make the clay spread laterally from the bottom 
of the bore to the extent desired, as was conclusively demonstrated 
both by experiments in the workshops and observations on the Barrage 
itself. 

But though stock-ramming with clay was not successful, the idea 
of getting at the defects in the foundations by boring, and compacting 
what was loose by the introduction of material under pressure by 
way of the bores, was not abandoned. The alternative method — which 
it was perhaps a mistake not to have adopted in the first instance — 
was to employ cement grout instead of clay, and to obtain the pressure 
for inducing it to spread in all directions from the weight of the column 
of grout itself. The continuous steady pressure of the column of 
grout was a much preferaljle form of force to the intermittent blows 
of a falling weight, for it was less likely to do harm to the masonry 
of the Barrage. 

The accompanying diagram (Plate XVI) will explain the process. 
Holes were first bored as shown by the strong black lines, and cleared 
to at least one metre below the lowest level of the foundations. 
The cement grout was then poured into the bore, and the pouring 
continued until the grout filled the bore to the level of the roadway 
or pier-tops. When the bore was full, the pressure exerted by the 
column of cement at the bottom of the bore wa^, in the case of the 
bores made from roadway level, 26 tons per square metre (2-4 tons 
per square foot) ; and, in the case of the two others, 19 tons per 
square metre (1'76 tons per square foot). So great a pressure was 
sufficient to force the cement into all cavities in communication Avith 
the bore so that the grout must first have enveloped all loose 
material, and then, by its property of setting, have compacted it into 
a solid mass. That the cement did set we know, as in some in- 
stances it was brought up in a hard state, A\'hen clearing the bore to 
which it had travelled from below the floor. 
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The first experimental season's work, carried out in January 1897, 
■was so encouraging, that it was decided to apply the system to the 
whole of the two Barrages. The detailed account of the operations 
and the record of the obser\"-ations made are to be found in the Irri- 
gation Reports of the years 1896, 1897 and 1898. Altogether there 
were bores made to the underside of the foundations at 680 different 
points, and, in each of these the levels and thickness of the different 
materials passed through were noted, as also the material of the river 
bed underlying all. Generally speaking, what had been before stated 
as to the condition of the foundations, was confirmed. The fifteen 
bays on the west of the Rosetta Barrage, where the Barrage failed in 
1867, were found to be built over a foundation consisting of two to 
three layers of concrete separated from each other by intermediate strata 
of sand from half a metre to a metre thick. The same was the case 
with the eight bays immediately to the west of the central piers. The 
worst condition of things was found vmder bays Nos. 6 to 9, where 
there existed what appeared to be extensive canities in the thickness 
of the foundations, through which the boring tool fell without meeting 
with any resistance. The cavities were from a metre to half a metre 
deep, and apparently extended under the piers the whole width of the 
roadway. The eleven ba3's on the east were found to stand over 
rubble, and it was here that the greatest expenditure of cement took 
place, the record -beating numbers being 158 barrels for one hole, and 
439 for the five holes of one pier. The bed below the rest of the 
Barrage was generally clean and fairl}' coarse sand. Where the foun- 
dations were not separated up into disjointed strata with intruded 
layers of sand, it was found that the foundation level was generally 
at R.L. 4-70. Probably the lowest layer did not retain much of its 
mortar. 

The Damietta foundations were found to rest generall)' on a uniform 
bed of sand at the average level of R.L. 4-12 ; but five bays towards 
the east rested on black clay. In the first season's work, when 
experimenting with stock-ramming, a large cavitj' of 25 to 80 centimetres 
height was found under the wide central pier. As the underlying 
concrete was found to go down to an extra depth, equal to the height 
of the cavity, below the general level of the foundations, it was con- 
jectured that there must have been a hole scoured out below the floor 
into which the lowest layer of concrete sul^sided, leaving the upper 
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masonry bridging the cavity formed. This cavity was stock-rammed 
with stiff clay, and subsequently again bored through, as well as the 
concrete below it, when the cement-grouting process was applied to 
the Damietta Barrage two seasons later. 

During the three seasons' work an aggregate length of 12,400 metres 
(7f miles) of bore hole was jumped in the masonry of the piers and 
floor, and 6,094: barrels of cement were poured down the bores in the 
form of grout. The total cost of the whole operation was only 
£E.6,027. The system was not a new one, but its- application to the 
Barrage is perhaps one of the most remarkable instances in which it 
has been employed. The somewhat monotonous operations were very 
patiently and carefully supervised b}' the late Mr. J. G. West. 

It would, probably, not have been safe to have subjected the Barrage 
to this operation while it ^vas in the delicate state in which Sir Colin 
Scott Moncrieffi found it. For, if the risk had? been run, the pressure 
of the cement would most likely have blown up the weak floor or forced 
an exit along some fault in it. The repairs before described, which 
were carried out under Colonel Western's direction, enclosed the unsound 
foundations by an outer shell of solid masonry, so that their defects 
were prevented from developing into dangers. The later operations of 
cement-grouting consisted in introducing cement-grout under pressure 
into and under the defective foundations with the object of filling all 
that was loose into one cohering solid mass. 

The least that can be said of the result is that the Barrage must be 
stronger than it was before the cement-grouting operations, though the 
effect produced is out of sight, below and within the foundations. The 
knowledo-e of the fact that cement-grout under the pressure of its OAvn 
column, varying from If to 2J tons per square foot (19 to 26 tons 
per square metre) has been ajjplied to about 340 points below the 
foundations of the body of each Barrage, is suflficient to inspire confi- 
dence that the Barrage can, henceforward, support at least a head of 
4 metres, which produces only a pressure, per unit of area, of from a 
fifth to a sixth of the pressure exerted by the columns of cement grout 
at the 680 points of its appHcation. Ajid in fact, during the summer 
of 1898 after the completion of the operation, the Rosetta Barrage held 
up as much as 4-35 metres without showing any signs of its inability 
to do so, and, doubtless, it could have held up to at lest 4-50 metres, 
the full height of the original project, with safety. 
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Before, however, this fact had been observed, it had been decided to 
buUd supplementary AVeirs downstream of either Barrage to lessen 
the maximum head which the original structure would have to hold 
up ; and, in accordance -vvith this decision, the construction of one of 
the Weirs had actually commenced. 



CHAPTER V. 



Subsidiary Weirs below the Barrages. 



T T was a pure accident that the very first pier which was selected on 
the Damietta Barrage for the stock-ramming experiment happened 
to be the one that stood over the greatest defect that existed in the 
foundations of that Barrage, so far as the borings have revealed them. 
In fact, the centre piers were chosen because it was thought that, in 
consequence of an invert shown in the original design as underlying 
the central pier, here was the strongest point on which to begin our 
experiments. It was not, however, an accident that the piers of the 
Rosetta Barrage selected for the cement grouting experiment turned 
out to be over the worst portion of the foundations of either Barrage, 
as those piers were expressly chosen Ijecause the foundations below 
them were known to be bad ; but, nevertheless, well suited for the 
experiment, as they had been enclosed in an extra thick outer casing of 
sound masonry b}* Colonel Western's work. But the unmistakeable 
direct evidence of the existence of such formidable defects in the foun- 
dations, revealed by the borings, had an effect ^^hich the vague know- 
ledge that the foundations were unsound could not produce. The 
probing had demonstrated the correctness of Linant's diagnosis : — 
" La maladie le travaille interieurement." 

And as a result of what were reckoned startling disclosures, the idea 
of supplementary Weirs to relieve the ])ressure on the Barrage germi- 
nated at the time of the writing of Sir W. Garstin's Administration 
Report for 1896, in which it first took root in the following passage : — ; 

" Undoubtedly the best and most efiicient way of rendering the Barrage 
safe would be to permanentl}' reduce the head of water thrown upon 
it durino- regulation. This could best be done by building a supple- 
mentary dam downstream of it, which would hold up water, say to 
two metres or two and a half metres, and thus reduce the possible 
difference of level upon the Barrage itself to something under two 
metres." 
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By the end of the year the idea had grown into the definite shape 
o£ a project, and Sir W. Garstin was successful in convincing the 
Commissioners of the C'aisse de la Dette that the scheme Avas worthy 
of their support, with the result that a sum of £E. 530,000 was granted 
for the construction of the ^Yeirs. 

The original idea a\ as to merely reduce the head on the Barrage to 
2 or 2|- metres, and thus to gain greater security, where security was a 
matter of vital importance to the country. But, in studying the project, 
the original idea was developed to meet a yearly demand of continually 
increasing intensity, at the same time that the prime object of relief to 
the Barrage was provided for. The situation requiring attention was 
this : — In late July and early August the rising river carries sufficient 
to meet the demands of cultivation, if only the water can all be made to 
enter the canals, and there is a way of avoiding the necessity of allow- 
ing a considerable proportion of it to pass the Barrages and find its way 
out to sea without doing any useful work. The water is there, but the 
power to utilise it has, hitherto, been wanting. For, before the Weir 
project was carried out, the top of the Barrage gates in action was at 
R.L. 14"00. AYhen the gates were fully closed and all leaks caulked 
as tight as possible, the downstream level would fall below R.L. lO'OO. 
Therefore, as the maximum head allowable was 4 metres, the upstream 
level had ti > be lowered to correspond, in order that the head might never 
exceed the limit. This necessity was felt to be especially irksome at 
the first rishig of the Nile, a time when there is always an excessive 
demand for Avater, to meet A\'hich a rapid increase of the canal dis- 
charges is a thing much to be desired. Some years ago it was poin- 
ted out that the ignorance of the cultivators prevented them from 
appreciating the difficulty of at once increasing the supply as the river 
rose, and how impatience made them unjust. Mr. Willcocks wrote a 
paper on " Irrigation in Lower Egypt " for the Institution of Civil 
Engineers, dated 2'2w\ February 1887, in which he refers to this 
annoying state of things in the following passage : — 
■ " Tales of the incapacity of the Irrigation Department form, there- 
fore, the ordinary topics of conservation in Lower Egypt from the L5th 
of July to the 7th August. For it must be remembered, though the 
Xile is rising, the water level abo\'e the Barrages is constant, while all 
the extra supply coming down the Xile helps to swell the two branches 
below the Barrages. When both the branches are filled, and the Bar- 
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rages completelj- opened, the real rise begins. Not ten Egyptian.? 
outside the Pubhc Works Department realise this." 

But the yearly-recurring urgency of the demand and the need for 
more water was undeniable. Evidently then the problem to be solved 
was to get the power of utilising all the water coming from the South 
in the early stages of the flood, until the canals were carrying such a 
supply as would satisfy the whole of Lower Egypt. A concession had 
been made to the demand after 1894 by departing from the hard and 
fast rule laid down that no higher level than R.L. 14-00 should be 
allowed above the Barrage till all the gates were fully raised and that 
level was exceeded as the natural effect of the rising flood. But this 
concession was not enough, and in fact -was only a small instalment of 
what was possible. The proposal to construct supplementary Weirs 
afforded the opportunity of gi^'ing satisfaction to the demand, so far 
as the river discharge permitted. « 

It was first of aU decided to limit the maximum head that the 
Barrage should ever be called upon to sustain, and this limit was 
finally fixed at 3 metres, Avhich it Avas considered was a perfectly 
safe limit after the further strengthening of the foundations which 
must haA'e resulted from the operations of cement-grouting. Now, 
experience had shown that, when the upstream level of the Barrage 
reached R.L. lo'oO, the canals carried sufficient volumes to satisfy 
the needs of the cultivators Avithin a reasonable period. The up- 
stream level AA-as, therefore, fixed at R.L. 15"50. As the Barrage 
Avas to hold up 3 metres onh', the pool below it must be maintained 
at R.L. 12'50, AA'hich was consequently fixed as the level of the crest 
of the Weir. As the downstream IcA-el, when the Barrage is closed, 
falls to R.L. 9'30 as a minimum, the Weirs must be made to hold 
up the difference between R.L. 12"50 and R.L. 9'30, or 3'20 metres. 
(The accompanying diagram, Plate XVII, shows these projected 
levels, as well as those which could be obtained without the Weirs 
to assist.) 

The decision on the foregoing points was not reached all at once, 
but Avas the result of the final agreement arrived at by consultations 
and discussions, such as took place between Sir W. Garstin, as Under 
Secretary of Public Works, and the author, as Inspector General of 
Irrigation, in these and all other matters concerning the Barrage, 
because of the supreme importance of the Work, and the consequent 
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desiral^ility o£ ^Yeigllmg well and having full sanction for all measures 
adopted. 

S(i much then, as has been stated, having been decided on, it 
remained to consider what form the ne\\' Avork should take. 

It was calculated that a solid obstruction, of the type of the Indian 
anicuts, with a fixed crest at R.L. IS'oO, avouH not cause a greater 
afflux than ten to fifteen centimetres A\hen the river was in high 
flood. As the Xile lianks above the Barrage were already more than 
sufficientlv liio'h to stand this increase on the maximum flood levels, 
there was no objection to this afflux being produced. And so the 
solid form of ^Veir was decided on. Tlie diffei-cnt sections of Indian 
Weirs were studied, and the Dehree anient on the Sone was accepted as 
the most suitable type. In the Dehree anient, the core and subsidiary 
walls were formed by sinking wells, a method of construction which 
has succeeded well in India, but to which there are certain objections, 
two of the principal being that the rate of progress is uncertain, and 
that the intervals between the wells are difficult to clear and to fill 
jDerfectly, so that there wiU not improbably be want of uniformity 
in the depth to which the core ■wall and other walls are formed, as 
well as imperfections in the filling, the intervals being the weak points. 
Especially is it difficult to clear and fill the intervals between wells 
which, m sinking, have tilted out of the vertical. To meet the 
objections to wells, Sir Benjamin Baker, who was consulted, recom- 
mended constructmg the walls below water Ijy forming boxes and 
filling them with concrete deposited by skips, a trench having first 
been dredged in the bed of the riA-er to the required depth for the 
walls. This method had been suggested by alternative cross-sections 
of different types of Weirs which Sir William Garstin submitted for 
Sir Benjamin's opinion, one of them showing the walls formed in the 
usual way by well-sinking, and the other showing the Weir formed 
in a dredged trench and grouted up into a solid mass with cement. 

Sir Benjamin's ]3roposal to construct the Weir wall of successive 
blocks, formed in boxes Ijy skipped concrete along a dredged trench, 
was accepted hj Sir William as an improvement on the well-smking 
method. But experiments made at the Barrage with cement grout had 
been so successful in forming perfect blocks of masonry below water, 
that cement-grouted work was ui great favour, and Awas more expedi- 
tious, required less super\ision and produced more perfect results, aU 
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important considerations in the case o£ the Weirs by reason of the 
conditions under ^\^hich they had to be constructed. So the cement- 
grouting system was substituted for concrete-skipping. The cross- 
section, according to which the Damietta Branch Weir was built, is 
given in the upper of the two sections on Plate XIX. The Rosetta 
Branch Weir was constructed according to the lower one. After 
constructing the former, it was thought better to arrange that the 
footing wall should hold up water and resist the passage of water below 
it: but in case of its failing to do this, a filter bed was to be formed 
downstream of it, so that any water that might find its way under this 
wall might not carry with it any of the river bed from between the 
core and footing Avails, and cause a subsidence of the rubble pitching 
between them. This actually took place on a small scale during con- 
struction on the Damietta Branch Weir and suggested the modification 
of the design. However, after one flood level had passed over this 
Weir, the footing wall held water everywhere. 

The process of constructing the Weir was as follows : — 
A trench was first dredged out to the correct depths for the hed of 
the Weir. The core and footing walls were next formed under water 
to a little above water surface by the cement-grouting method, here- 
after to be described. The clay was then put into place against the 
walls, and the rubble pitchmg thrown in over it and between the walls. 
The core wall above water was built to the required height in the 
ordinary way. At the same time, the heavy downstream blocks of 
limestone, weighing from I5- to 2 tons each, were put in place. The 
surface slope of the Weir was, last of all, built with special stones, 
about half a metre long, placed on end and packed close. 

The chief problem connected with the work was one of transport of 
a large amount of material in a short time, and there was nothing of a 
peculiar nature in the method of construction, except as regards the 
manner of formmg the core and footing walls and lock foundations 
below water. These, as had been decided, were got in by the use of 
cement-grout. The process of cement-grouting was one day being 
explained to a lady who visited the works, and she waxed wroth at the 
idea that there was anything ingenious or original in this method, 
scornfully remarking that her cook had known of it for many years, 
and always employed it when he made a pie. The Weirs were forgot- 
ten by the rest of the visitors, and the interest was transferred to the 
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pie. A detailed description o£ the pi-dcess was demanded. The lady 
explained that pigeons, or pieces of meat of convenient dimensions, and 
a certain percentage of bisected eggs and li\ers to fill interstices, were 
first of all deposited in a pie-dish, and then covered with a crust and 
put into the oven. AVhen withdraAvn from the o\'en, hot rich gravy 
was poured in through a hole in the top of the crust to fill all the 
spaces between the pieces of meat, until the gravy rose to the edge of 
the disli. The pie was then set aside to cool, and, when cool, its in- 
terior was found to be a solid mass of material, compacted together by 
the congealed gravy into a monolithic whole. There was no necessity 
after this for anv further explanation on the works, the only difference 
in the nature of cement-grout and gra\-}' being, that the former sets 
hard after a certain time when mixed with Avater, and the latter when 
it cools. The property that the fluid has of setting hard after a con- 
venient mter\-al is the useful i)ropert}- that each possesses, and the 
further property 'that cement has ( )f setting below water is another 
useful quality, which was taken advantage of in the Weirs. 

But, ill the case of the A\^eirs, the box to hold the material was not 
such a simj^le vessel as the pie-dish. The blocks, of which the core 
wall was made up to had to be formed in from 6 to 7^ metres (about 
20 to 2.5 feet) of water, and the sides of the boxes had to be so well 
constructed that the grout should not escape either where the sides 
joined the bed of the river (which closed the bottom of the box),- or 
Ijetween the joints of the sides and ends. The description of the final 
form of the boxes and the apparatus emplo5'ed to put them together, 
as well as the diagrams, are reproduced from the Irrigation Report of 
Lower Egypt for 1899, in which IJeport and in those of the preceding 
and succeeding years, a full account is given of the construction of the 
Weirs. 

The season's work commenced by getting the plant prepared and 
the materials collected. As soon as the river had fallen sufficiently 
towards the end of November, dredging commenced, and the bed of 
the river was taken out to the cross-sectit)n of the ri^•er bed. T^^hen the 
dredging was sufficiently ad^•anced for work on the Weir to commence, 
the water-level at the site of the work was reduced to R.L. 11"50 by 
regulation on the Barrage. A raft, formed of two large barges kept 
by timbers at a convenient distance apart for constructing the boxes 
between them, was moved into position, and a four-sided box, 9 metres 
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long, 3 metres broad and 8 metres high, was put togetlier. This box 
was made as foUows (see Plate XXIII) :— A double tier of horizontal 
frames was suspended between the barges, the lower frame being 
supported by chains attached to the upper frame. The upper frame 
was so hung as to be at water -le^-el, with the lower frame 4 metres 
below iti The barges having been moored in correct position, the box 
frames were then got into accurate ahgnment and fixed there. The 
sides of the box were then formed of ungrooved sheet piles, 30 centi- 
metres wide, fastened together in sets of five so as to make up a width 
of 1-50 metres ; they were weighted at the bottom end, so that they 
might tend to float vertically in water, and be, in consequence, the more 
easily handled. The bottom end was shod with a piece of projecting 
sheet iron, so as to make a good joint with the river bed, and prevent 
the escape of the grout. When the sides of the box had been formed, 
the whole interior surface of it was lined with sacking, overlapping at 
the angles and at the bed junction. The sacking was kept in place and 
protected from being torn by the rubble, when filling was going on, by 
thin planks nailed about a metre apart against it from water surface 
to bed. Divers were constantly at work during these operations. 
Four perforated pipes were then fixed along the axis of the box a,t 
equal distances, and the box was filled with rubble and concrete metal 
{20 per cent) and pebbles (15 jjer cent), thrown in from above, up to 
slightly above water-level. Unperforated pipes were then inserted into 
two alternate perforated pipes, reaching nearly to the bottom of the 
box : on the top end of these pipes were screwed funnels, and over the 
funnels were fixed coarse wire sieves to catch the pieces of paper of 
the cement barrels and other foreign substances that might get mixed 
with the cement-grout and clog the perforations if they were to be 
carried down the pipes. In the other two pipes floats, so weighted 
as to sink in water and float in cement-grout, were suspended, so that 
the rise of the grout might be watched. The object of grouting into 
an unperforated inner pipe was to deliver an unbroken column of grout, 
at first at the bottom of the box, and, afterwards, just below the 
surface of the sea of ascending grout. If grout had been poured directly 
into the perforated pipe, each bi'icket of grout would have had to fall 
through water. The inner pijjes were changed over from time to time 
to the alternate perforated pipes, and gradually shortened as the grout 
rose higher. To lessen the danger of leaks at the bottom of the box 
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from the pressure o£ t(^o great a head of liquid grout, (wliich being 
twice as heavy as water exercises a pressure in water equal to the pres- 
sure exerted liv a head o£ water in air,) it was generall}' arranged that 
a de[itli of one metre should be grouted over-night, and be left till the 
next morning to set, so as to form a solid bottom to the box, on which 
the rest of the grout "would be supported. 

The grouting was continued next day until the grout rose slightly 
above the "water surface ; the scum was cleared awa}', and stones put 
by hand into all the spaces where there was an excess of cement grout. 
The block was then left for the night, and next morning was found 
to have set hard enough for the box, in which it was formed, to be 
cast loose and moved forward. 

The second and suljsequent boxes were made as three-sided boxes, 
the last grouted block forming the fourth side, and being clasped by 
the side beams of the horizontal frames. 

A box and its contained block took from three to four days to 
make, so that, when the four rafts were at work, the average rate of pro- 
gress was about 10 metres of core- wall or lock- wall a day. Each block 
contained from 160 to 170 cubic metres of masonry, and was about 
9 metres long by o broad and 6 high. At the commencement of the 
season, the blocks were 7|- metres high, decreasing to 6 metres as the 
water fell. 

The cement-grout was mixed by hand in iron troughs by ordinary 
labourers, gangs of Soudanese Blacks behig the best mixers. The 
consistency of the grout -varied from thin to thick, the proportion of 
water depending on the judgment of the mixers. When first using 
cement-grout to strengthen the Barrage foundations, attempts were 
made to measure the amount of water ; but, in consequence of the 
peculiar nature of the workmen, the measuring was never properly 
done ; and so it was decided to give up the measures, and to control 
the consistency by observing Avhat was brought in buckets to the 
grouting pipes. Experiments and experience on the work itself seemed 
to show that, whether thin or thick, the cement-grout set satisfactorily 
and gave the desired result. Possiljly the grout, in consequence of its 
high specific gra^•ity, gets rid of excess of water when it is in a liquid 
mass and free to do so. \Vhate^'er the explanation, it appeared to be 
mmecessary to be particular about the proportion of water in the 
grout when used as in the work under description. But it is necessary 
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to be careful to get a cement that will behave satisfactorily under such 
severe conditions, and this appears from experiments made with many 
kinds of cement not to be a difficulty. 

The diagram of the apparatus designed by Mr. Mason, and used in 
1900 to form the footing Avail of the Rosetta Branch Weir, is also 
given on Plate XXIV. 

The lock foundations were got in entirely by grouting, Mr. F.R. Stent 
with Mr. J.H. Grieve to assist him being entrusted with the work, 
which they carried out with conspicuous success. As I believe this 
system has never been apphed to such an operation before, it may be 
useful to describe the manner of doing it {see Plate XXV.) 

The foundation bed was dredged out all over to R.L. 5-50, and the 
water-level reduced by regulation on the Barrage to R. L. lO'OO. Two 
parallel walls, bounding all the lock area on either side, Avere then 
formed by the same s}stem as that adopted for the formation of the 
core-wall. The rectangle of which these walls formed the sides (100 
metres long by 17 metres broad in the clear between the AvaUs) was 
then closed at the two ends by sheet piles supported by horizontal 
beams, which were kept in place by piles driven a short distance into 
the bed of the river and tied at their tops to the side walls already 
made. A staging was then constructed across the enclosed space from 
side wall to side wall, the perforated pipes having been first fixed in 
place about o\ metres apart aU over the area. The pipes were fitted 
with iron brackets to make them serve as upi'ight supports for the 
staging. Two metres depth of rubble, concrete metal and pebbles 
were then thrown in to form the floor foundation. At about one 
metre distance from the two ends a second interior cross wall of sheet 
piling was arranged Avith the lower ends below the level to which the 
two-metre layer of rubble would come. All the sheet piling was lined 
on the inside with sacking to prevent the escape of cement-grout 
between the joints, in the same Avay as in the boxes. 

When the two-metre depth of floor material had been deposited, 
grouting commenced at one end of the lock and continued till the 
other end was reached. The end walls were then filled and grouted. 
The enclosed space Avas then pumped out in half a day, and the 
grouting was found to have formed a perfect floor without the sign of 
a spring in it. The rest of the lock floor and walls was built in the 
dry in the ordinary manner. 
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As the grouting was executed under water and Avas not continued, 
as in the boxes, until the grout rose abo\-e water surface, arrangements 
had to be made for ascertaininii' to what le^cl the grout had risen. 
A simple arrangement re\'e;iled this. The grout was poured into one 
of a pair of pipes, and, in the other adjacent pipe Avhere grouting was 
not going on, a float was suspended so weighted that it Avould sink in 
water and float in cement-grout, the specific gra\'itY of the latter 
behig double that of the former. Tlie strin<>' to Avhich the float was 
attached Avas passed over a pulley wheel, and the other end of the 
string weighted sufficiently to keep the string taut. 

The cost of pumping out the loclc space Avas under £E.")0, and this 
was the omj expenditure in pumping incurred in getting in the founda- 
tions of the AAcir and lock on either Branch. 

V>y this method a perfectly sound floor is obtained, as no trouble- 
some springs create defects bA' forming a AA'ay under or through the 
masonry A\hile under construction. When the cement has set, the 
springs are all effiectuall}' shut out and helpless, and the enclosed water 
can be pumped out Avithout any fear or difficulty. 

Sir William Garstin's final decision as to the form to be adopted for 
the Weirs AA-as giA'en earl}- in February 1898. The original intention 
was only to collect material and plant the first season. But Sir William 
directed that two or three blocks should be formed in the riA'er bed 
itself in order to find out the best method of working. It Avas decided 
to make the experimental blocks in the line of the core Avail, so that, 
if successful, the Avork done Avould be so much to the good. A sand 
dredger Avas therefore set to work in the Damietta Branch oji the 
loth March 1898. By the loth May a box had been formed in place 
and filled with stone, and His Excellency Mohamed Fakhry Pasha, 
Mmister of Public Works, emptied the first bucket of grout into the 
distributing pipes the same day. 

At the start Avork Avent badly, the cement-grout escaping freely from 
the first box at every joint, as there Avas no lining of sacking used. 
The se?ond box was so lined, but Avas not rigidly held to the first block 
formed, and also leaked badly. In these two boxes 2,362 barrels of 
cement went to make 327 cubic metres of masonry ! The next three 
boxes gaA^e better results, but still not good enough ; and it was 
thought that Ave might have to resort to the skipping method after all. 
But e\ery box saAv some improvement introduced, until at last the 
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sixth box proved a success, 3^60 barrels to the cubic metre being used. 
So skipping lost favour again. 

The experiment of making two or three blocks was pushed to such 
an extent that, by the end of Jul)-, when work stopped, thirty-three 
blocks had been formed by grouting and nine by skipping, thus 
completing all the sub-aqueous work of 80 metres length of the Weir. 
There was, besides, constructed the terminal flight of steps and the wing 
joining the core and footing walls, as well as the revetment of the 
slopes on the west flank of the AVeir. Mr. Allan Joseph, the then 
Director of the Barrage, started the work of the Weirs, but retired 
from Government Service before the first season's work came to an 
end. Before the commencement of the second season, Mr. 0. G. Brooke 
was appointed Director of the Barrage, and, as such, was charged Avith 
the construction of the Weirs. 

The first season's work was most valuable, and gave the knowledge 
that was required for adequate preparations to be made for the next 
season's work. Without it the Damietta Weir Avould probably not 
have been carried right across the river the following season. As it 
was, the second season's work completed this weir up to B.L. 11'50, 
with the exception of 200 metres carried up to R.L. ll'OO only: the 
lock also was built up to R.L. 13-30. The -whole length of the Weir 
crest between the lock and the foot of the West flight of steps is 418 
metres. The season's work began with dredging on the 20th November 
1898, but it was not till February that the first block of the season 
was formed. As in the year before, work stopped on 31st July, when 
the programme for the season ^^'as completed, but without an hour 
to spare. 

The Weir crest was left low with the object of watching the effect 
of a flood over it before it was raised to full height, and also to facilitate 
later oh the diversion of the water of the Rosetta Branch into the 
Damietta, so that work might begin the sooner on the other Weir in 
the following season. 

The programme for 1900 was a formidable one. Besides the com- 
pletion of the Damietta Weir Lock, and further raising of the Weir 
itself it was decided to complete the construction of the Rosetta Weir 
to one metre below finished crest level, and to build its lock to at least 
three metres above floor. The length of the Weir between the lock 
and the foot of the east flight of steps is 500 metres. 
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The low levels of the 1899 Nile flood allowed the early execution 
of earthwork by hand at the two ends of the Weir, and the river had 
fallen sufficiently by 1st November for dredging to begin. Two blocks 
had been formed by the end of the year 1899. Before the end of 
July 1900 the season's programme had been more than completed. 
The 500 metres of Weir had been built to the height proposed (and 
even more, as 200 metres length of it was carried higher), the lock 
was completely finished and gates hung, and the flight of steps and 
flanking revetment slopes built. Without much further effort, both 
Weirs with their locks might ha^'e been completed throughout, and no 
work have been left for a fourth season. As it was, little was left 
to be done, and that little was completed with ease the following season 
as soon as the river levels allowed the work to be got at. The last 
coping stone of the core wall of the Rosetta Branch Weir was laid 
on 16th May 1901. 

During the 1900 season 172,000 cubic metres of building material 
of different sorts (as measured in the work) had to be transported from 
store or stacking ground to the Rosetta Branch Weir alone. The 
traffic management of seven contractors' locomotives and of about a 
hundred and fifty trucks on which depended the rapid transport of 
this large quantity of materials in a limited time, was, for the most 
part, put into the hands of Mr. E. Mason, with good results. The late 
Mr. J. G. West distinguished himself by his successful management of 
his share of the grouting operations by which the core wall was formed. 
Mr. H. Boyes was another acti^'e member of the staff that built the 
Weirs. 

The total cost of the two Weirs, and work in connection with them 
was £E.434,000, so that there was a saving on the allotment of 
£E. 9 6,000. The work was carried out departmentally imder the 
direction of the Government officers ^vhose names have been mentioned 
in this Chapter. 

The total quantities of work done were: — 



Dredging 

Earthwork by hand 

Grouted masonry 

SkipiDed concrete 

Rubble masonry in ordinary mortar 


Cubic metres 

398,802 

206,706 

43,570 

1,660 

9,090 


Rubble masonry in cement and sand ... 


7,093 
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Cubic metr^.- 

10,039 

2,662 

170,916 

27,205 

55,081 



Brick masonry 

Ashlar masonry 

Dry rubble masonry 

Heavy talus blocks 

Clay on sides o£ walls 

Ironwork for two 12-metre locks. 

Iron additions to 122 Barrage gates : about 183 tons 

Two winches for Barrage gates. 

Three bridges over canals for trolley lines. 



For the sake of recording it, the exact levels of the Weir crests are 
here given. The crest of the weir on the Rosetta Branch is at 
R.L. 12-56 throughout. The crest of the weir on the Damietta 
Branch is generally at R.L. 12-45, but its west extremity rises to 
R.L. 12-46, and its east extremity to R.L. 12-47. 

It was pointed out in a previous chapter that the level of the top 
of the gates, with which the Barrage was fitted during the restoration 
work of 1888 to 1890, was R.L. 14-00 when the gates were fully 
down. It has also been explained at the beginning of this chapter 
that the Barrage in future will be called upon, as the flood commences 
to arrive, to hold up to R.L. 15-50. It was, therefore, necessary to 
provide means for closing the one and a half metres additional height 
of waterway, and the simplest way of doing this was to make the 
requisite addition to the upper gates. This addition was made in 1900, 
so that all the upper gates are now four metres in height. It was feared 
that, with this increase of gate area, it might be impossible to raise all 
the Barrage gates in a short enough space of time, should there be 
a rapid rise of the river. But there cannot well be an unexpected 
rise, now that we get daily readings of river gauges from as far south as 
Khartoum and also from points above Khartoum on the White and 
Blue Niles. Still, to meet this objection, it was decided to add a third 
winch to each Barrage. The cost of making the additions to the gates 
and also of the two winches, amounting to £E.13,157, is included 
in the sum given above as representing the total cost of the Weirs, 
as it was part of the project for which the Caisse de la Dette made 
their grant of £E.530,000. 

The Weirs, it has been explained, have been constructed with a 
two-fold object, namely, to lighten the duties of the Barrage by 
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relieving it of part of the maximum pressure it was expected to 
support, and to make it possible to utilise to the full the first rise 
of the flood, in July and August. By the power that they give of 
raising the upstream level of the Barrage a metre and a half to two 
metres higlier than it could be raised without them, the discharging 
power of the canals in summer is increased (if water is available) by 
adding to their depth, whereby the costly process of widening them 
will be avoided whensoever the necessity arises for increasing their 
carrying capacities, A^'hich will be when reservoirs in Upper Egypt 
add sufficient to the available summer sujsply. Already an economy in 
dredjjingf and silt clearances has resulted. When the Barrage Avas 
restored and rendered capable of holding up a head of four metres, 
the amount of silt clearances necessary to make the canals carry their 
summer supply was reduced to such an extent that the abolition of 
the Corvee and the substitution of paid labour to do its work became 
a possibility. The power of holding up to stilh higher levels, which is 
gi\'en us b}' the Weirs, will make a further economy in silt clearances 
possible, to what extent is not yet known. But in 1901 a large 
economy has been effected in the dredging bill of the Rayyah Menu- 
fiyah ; and the level, to which the Ismailiyah Canal at its head has 
to be dredged, has been raised twenty centimetres, and it is found 
that it can be safel}' raised another twenty-five centimetres. 

If the Weirs ha^e not already paid back in ^-alue of results all the 
money spent upon them, they ver}- soon will have done so. The 
work that they have already actually done is set forth below: — 

(1) The maximum head on the Barrage was reduced from 4 metres 
to 3'85 metres in 1900 and to 3 metres in 1901. 

{•2} Not only was the Barrage relieved to the extent given, but a 
maximum combined head, on Barrage and Weir, of .5-95 metres was 
held up in 1900 and of 6 metres in 1901, giving a gain of 1-95 metres 
in the former year, and of 2 metres in the latter over the level up- 
stream of the Barrage which would have been permissible, had the 
Weir not been in action. 

(3) The expenditure on dredging in the Rayyah Menufiyah and 
Canal Ismailiyah has been sensibly reduced in 1901. 

(4) The upstream level of the Barrage in July 1900 was raised to 
R.L. 15"50 several weeks earlier than it could have been without the 
help of the Weirs, and so the canal discharges were increased to the 



ROSETTA BRANCH WEIR. 



Plate XXVII. 














o 

X 
< 

u 



> 



o 
o 

a> 



> 

3 



c 
cq 



a 
ui 

I 
a. 
< 

O 

o 

I- 
o 

X 
Q. 



Z 

o 

< 

Ui 

UI 

X 
H 



Q 

Z 

u 

UJ 

X 



I- 
< 

o 



— 65 — 

amount required to allow of the maize crop being got into the ground 
during the favourable season for sowing it, so that a good crop was 
obtained. 

The Weirs are still too new an addition to our means of controlling 
the water supply for all the benefits obtainable from them to be yet 
recognised. They are, we know, capable of doing all that they were 
designed to do, for they have been subjected in 1901 to the maximum 
head, that they can be called upon to bear and they have shown no 
signs of imperfection anywhere under the test. 



CHAPTER VI. 



Work done by the Barrage. 



THE whole dut}' o£ the Barrage is to raise water to the mouths 
of Lower Egypt that the lands may drink and be satisfied. The 
varying efficiency with Avhich it has performed this duty at the 
different periods of its existence can best be judged by a study of 
the gauge registers which show what effect its action has had upon 
the ri\er levels in the Cairo reach, from which all the Delta canals 
draAV off their supplies of water. 

To enable a comparison to be made between the effect produced by 
the Barrage before and after its restoration, it will be useful to gi^'e 
an account of the maimer in which the Barrages were regulated pre- 
vious to 1884. This account is taken from "Egyptian Irrigation" 
(WiUcocks). 

"AVlien the Xile gauge stood at R.L. 12"50 metres, which generally 
happened in March, the Rosetta Barrage gates and piles were quickly 
lowered to their full extent, beginning at opening No. 61 (east end) 
and closing at No. 1 (west end). The consequence was a rapid 
current through the last openings just before they were closed. It 
was on one of these occasions that the ten openings from No. 5 to 
No. 14: were injured, according to the Report of the Egyptian foreman 
on the work. The Government Report states that they were injured 
during the floods of 1867 owing to contracted waterway. As soon 
as tlfe gates and piles reached the gratings, they could descend no 
further, and the work of regulation Avas at an end for that year. The 
upstream gauge rose to 13 metres, while the down stream gauge fell 
to 11'25 metres; so that, with a difference in water surface of 175 
metres, there A\as a gain in water level of only -50 metre. This was 
due to the fact that the Damietta Barrage was oj^en. Of the water 
which escaped through the Rosetta Barrage, practically the whole 
found its A\ay through the iron gratings. These gratings, with a 
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head of 1-75 metres, were capable of discharging 240 cubic metres per 
second. The river kept falHng through April, May and June, and 
during the whole of this time the Damietta Barrage was open, as well 
as the gratings of the Rosetta Barrage. There was not sufficient 
water in the Nile to allow of a head of 1-75 metres on the latter, and 
it fell to 1 metre. Towards the end of June the up and down stream 
gauges roughly indicated 12 metres and 11 metres respectively. If 
the Kosetta Barrage had failed in June, the loss of head in the Delta 
canals would have been "So metre. When the Nile began to rise in 
July, and the upstream gauge read 13 metres, the gates were raised 
as quickly as possible, the river fell to 12'50 metres, and Avas allowed 
to recover as the flood rose. This it generally did in six or eight 
days." 

Thus we find that, previous to 1884, the maximum head held up 
by the Rosetta Barrage was 1-75 metres, decreasing to 1 metre at the 
time of lowest Nile, and the water level maintained above the Barrage 
was R.L. 13'00, decreasing to R.L. 12"00 in June. The Damietta 
Barrage was ah^'ays open and held up nothing. 

From 1884 to 1886 inclusive Mr. Willcocks was in charge of the 
Barrage. In 1884, in consequence of additions to the rubble talus 
and improvements made in the closing arrangements of both openings 
and gratings, the Rosetta Barrage was made to support a maximum 
head of 2-21 metres, and to maintain an upstream water level of 
R.L. 13-00, almost throughout the period of Low Nile. The Da- 
mietta Barrage held up a maximum head of 0-95 metre. 

From 1885 to 1890 inclusive the upstream summer level was kept, 
with but slight variations, at R.L. 13-00, the maximum head on the 
Rosetta Barrage varying from 3-00 metres in 1885 to 3-43 metres in 
1890. On the Damietta Barrage the maximum head varied during 
this period from 1-76 metres in 1885 to 3-26 metres in 1890. 

Between 1890 — the year in which the Barrage restoration was com- 
pleted and 1898, the levels maintained above the Barrage varied 

from R.L. 13-50 and R.L. 13-80 in April and May to R.L. 14-00 in 
July, the maxima held up at any time having been 4-07 metres on 
the Rosetta Barrage and 3-72 on the Damietta. 

In 1898 the previous record Avas beaten, the maximum heads having 
been on the Rosetta Barrage 4-35 metres, and on the Damietta 3-82. 
The Barrage itself will never be called upon to support these heads 
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again, as the future maximum is limited to 3 metres. But, in combi- 
nation with the lately constructed Weirs, the total head permissible 
will be a full 6 metres, the maximum cxer contemplated in any 
project for the Barrage ; and that project was the original one that 
M. Mougel submitted to the Conseil des Fonts et Chaussees in 1843. 
To show the results in a convenient form for comparison, the 
following table is gi^-en : — 





Maximum Head 


Actual upstream 
levels in June. 


Maximum upstream 
level possible by 
regulation witli 

Barrage gates down, 
given sufficient 

supply in the river. 




PERIOD. 

s 


Hosetta 
Barrage. 


Damietta 
Barrage. 


llEMAUKS. 








E.L. 


R.L. 




Previous to 1884. 


1-7C 


Nil. 


12-00 


12-00 


Work condemned as 
useless. 


1884-188G ... 


3-05 


1-76 


12-90 to 13-00 


13-00 


Mr. Willcocks's 
measures effective. 


1887-1890 ... 


3-43 


3-20 


12-90 to 13-00 


13-00 


Restoration going on. 


1891-1894 ... 
1895-1900 ... 
Future 


4-07 
4'35 
3-00 


3-72 

3-82 
3-00 


13-22 to 13-75 
13-50 to 14-00 
13-50 to 14-00 


14-00 
14-00 
15-50 


Mr. Foster's clay 
additions to Da- 
mietta Barrage. 

Foundations cement- 
grouted and Weirs 
being constructed. 

Weirs completed and 
in operation. 



In the summer of 1892 the upstream level fell to R. L. 13-22, in 
1898 to R. L. 13-50 and in 1900 to 12-92. This was not because the 
Barrage could not hold up more, but because there was so small a 
discharge m the river that the draw of the canals, taking off from 
above the Barrage, kept the water surface upstream of it low. In 
these three summers the Barrage gates were carefully caulked with 
rags to stop leakage, and ever}- drop of water in the river was turned 
into the canals. The Barrage could do no more. 

The minimum level of 1900 was higher than it ^^'ould have been, 
had all the six canals, taking ofE from above the Barrage, been left 
fully open, as was the practice in former years. With all the canal 
heads fully open, the Barrage upstream level would have fallen to some 
j)oint between R.L. 12-92 and R.L. 12-40, approximately to 12-60; 
and, therefore, this last is the figure that should be used when com- 
paring the summer supply of 1900 with those of 1892 and 1898. The 
summer levels of 1900, as shown by the gauge readings at Aswan, 
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were the lowest on record. The discharge of the river was so small 
that a strictly just distribution of the scanty supply was imperative. 
The Heads of the Rayvah Menufiyah, Canal Basusiyah and Canal 
Sharkawiyah were left fully open, while the Rayyah Tewfiki, the 
Eayyah Beherah and Canal Ismailiyah were regulated upon to make 
the discharges of each of the six canals proportional to the areas com- 
manded by them. 

During the very low flood of 1899 the Barrage was regulated on for 
the first time during a flood season, and the lowness of the flood had, 
in consequence, no serious effects in Lower Egypt. Throughout the 
following summer months of the lowest of low Niles, the Barrage 
gates were tightly caulked with rags and the whole river diverted into 
the six main Delta Canals. Probably during no previous period of 
twelve months has the Barrage done so much to promote the pros- 
perity of Egypt, and to justify aU the expenditure that has been incur- 
red upon it ; though that has been justified over and over again. Not 
only was the cotton crop safely brought through months of scarcity, 
but, in consequence of the advanced state of the construction of the 
Weirs, it was possible to give so abundant a supply when the flood 
water began to arrive, that the maize crop (the sowing of which had 
been forbidden until then) was got in so quickly and under such 
favourable conditions that it proved to be above the average. The 
cotton crop would have been a considerably heavier one than is given in 
the statement further on, had it not been for unfavourable weather 
prevailing in September, whereby the plant, that up till then had a 
most flourishing aspect, was seriously damaged and its yield much 
diminished. 

Of the benefits that have followed as a consequence of the work 
done to the Barrage from 1887 to 1901, the figures of the successive 
cotton crops perhaps speak most eloquently and convincingly. These 
figures are obtainable for the last eighty }'ears, that is, since the com- 
mencement of cotton cultivation in Egyjjt. Those for the years 
succeeding'' 1880, have been obtained from the Alexandria General 
Produce Association and may be relied upon to be as accurate as 
possible. The figures for the years previous tcj 1881 were given in a 
fist published some years ago by the Egyptian Gazette. 

The first crop on the record is that of 1820, which produced 944 
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kantars: the next }'ear the figure had mcreased to 35,108 kantars. 
(A kantar is about a hundred- weight) . From 1S22 to 184(S the yield 
varied from 120,000 to 345,000 kantars. 

In 1849 the yield was 364,S16 kantars 

1850 „ „ „ 384,439 „ 

1851 „ „ „ 670,129 „ 

The high figure of 1851 Avas not maintained, but the }'ield never 

fell ao-ain to what it had been before 1851. From 1852 to 1859 the 

year's yield varied from 480,000 to 540,000 kantars. The few years 

following 1860 were a succession of record-beating years: — 

In 1860 the yield was 590,200 kantars 

l'S61 „ „ „ 721,052 „ 

1862 „ „ „ 1,181,S88 „ 

1863 „ „ „ 1,718,791 „ 

1864 „ „ „ 2,001,169 „ 

The Barrag-e Avas declared to be finished in 1861, and it would seem 
from the foregoing figures to have had a great effect. But the increase 
in the cotton cultivation from 1861 to 1864 was due to the high prices 
obtained for Egyptian cotton during the American Civil War, which 
lasted from April 1861 to May IS 65. It was this which gave such 
impulse to cotton growing in Egypt that the crojj of 1864 jiroduced 
almost four times that of any crop previous to 1860. But this increase 
was not kept u]3 to its full extent after the war, as the figure fell from 
1865 to 1869 to an average of about 1,300,000 kantars. It rose again, 
however, to between 2,000,000 and 3,1 86,000 kantars from 1870 to 1883. 

Previous to 1884 the highest figure reached had been that of 1879, viz, 
3,186,000. The figures for the years succeeding 1(S83 are as follows : — 



Year 


Kantars 
of Cotton 


Nature of Eiver Supply 
in Summer 


Yeak 


Kantars 
of Cotton 


Nature of River Supply 
in Sunmier 


1884 


3,629,000 


Good 


1893 


5,033,235 


Good 


1885 


2,871,500 


Bad 


1894 


4,619,233 


Mean 


1886 


2,872,426 


Mean 


1895 


5,256,128 


Good 


1887 


2,996,485 


Mean 


1896 


5,879,479 


Good 


1888 


2,722,954 


Bad (very late flood) 


1897 


6,566,487 


Good 


1889 


3,237,558 


Very bad 


1898 


5,583,306 


Bad 


1890 


4,159,405 


Bad 


1899 


6,435,735 


Good 


1891 


4,765,341 


Mean 


1900 


5,435,480 


Very bad 


1892 


5,220,510 


Bad 


1901 


6,250,000 
estimated 


Bad 
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The cotton crop must naturally depend on the water supply, but the 
yield o£ the crop does not vary in direct proportion with the summer 
discharges of the ri\'er ; nor, as I haA'c known to be mamtained, in 
inverse proportion. A limitation of the water supplied to the crop is 
advantageous, as the fellah is apt to over-water if his supply is un- 
limited, though he is credited by many with an infallible genius for 
all kinds of farming operations, such as no otlier child of the soil in 
any other country displays. There are some sceptics, not without 
power of observation, A'S'ho decline to accept this estimate of the fellah's 
pre-eminence, but are rather inclined to explain why the facts are 
otherwise, pointing out that Nature does all the work and contriving, 
and the fellah sits still and looks on. This being fairly true of the 
ancient system of basin irrigation on which the fellah's ancestors were 
brought up, the genius of farming, where nature is not so obliging 
and with crops that require attention and skill, can scarcely have 
become innate by the process of evolution operating over a period of 
less than eight}' years. Mr. Willcocks adorns the title page of his 
"Egyptian Irrigation " with a passage from Shakespeare, which reveals 
the poet's accurate conception of farming operations in the Egypt of 
his day. 

"The higher Nilus swells 
The more it promises: as it ebbs, tlie seedsman 
Upon the sKme and ooze scatters his grain, 
And shortly comes to harvest." 

There is a primitive simplicit}' about these farming operations, which 
has nothing in common AA'ith the Avarring against difficulties and keen 
competition whereby higher t}-pes and pre-eminence are usually evolved. 

Mr. Willcocks apparently has no faith in the genius of the fellah 
being able to secure a permanent \'ictor}' in agricultural struggles with 
Nature, for he seems to suggest that there must be a reversion to the 
ancient system of irrigation. Immediately below the Shakespearean 
passage on his title page is another quotation under the heading 
"Modern System of Irrigation," and it is this: — Naturam furca 
expellas, tamen usque recurrit. Ikit a good deal depends upon the 
wielder of the pitchfork : unskilful or enfeebled handhng of the agri- 
cultural weapon would, no douljt, help to show that the proverb stated 
an inevitable sequence : but so long as the pitchfork be wielded with 
the same skill and vigour as was found sufficient, to expel Nature, 
there will be no returning to the "status quo ante." 



Whatever view we may adopt as to the fellah's mfallibility in matters 
agricultural, it seems to be generally admitted that it is profitable for 
him to be kept somewhat short of water for his cotton crop. But, of 
course, there is a happy mean somewhere between too much and nothing 
at all. Apparently the limit of sufiiciency was left high and dry in 
the summer of 1900. Then, to save the cotton crop, the interests of 
the rice crop were disregarded, and a most carefuU}' prepared programme 
of distribution was laid down to meet the requirements of the cotton 
crop only. The river levels were so unprecedently low at the season 
of cotton sowing that widespread apprehension of general failure of 
supply prevailed. At one time it appeared as though this feeling might 
unduly restrict the area ^slanted, and an official note of encouragement 
was published to inspire confidence in the capacity of the Irrigation 
Department to deal with the situation. If, instead of a notice in the 
Official Journal, a sermon from the pulpit had been the channel for 
communicating encouragement to the timid sowers, the modern preacher 
would have chosen his text from the Preacher of old. 

" Ca.st they bread upon the waters : for thou shalt find it after many days. 
He that observeth the wind shall not sow ; and he that regardeth the 
clouds shall not reap." 

Apparently the encouragement prevailed and the bread was cast upon 
the waters ; for, after the crop was in the ground, it was eventually 
stated as the generally accepted estimate that the area planted with 
cotton exceeded that of previous years by 8 to 10 per cent, as some of 
the rice lands were put under cotton. AU seemed promising until 
some time after the flood had risen and the scarcity of water had 
ceased. Then came mists and inclement weather in September, and 
the fair prospect was marred. Still, the figure for the crop (close upon 
oj million kantars) is higher than any crop previous to 1896. 

It Avould seem, then, that the yield of the cotton crop is less affected 
by the variation in the quantity of the river discharges than it is by 
the weather that prevails during the season when the bolls are matu- 
ring, and by the prevalence of the cotton worm which has no regard 
for the fellah. 

It scarcely seems likely that the area planted with cotton can undergo 
further extension, until the Aswan storage reservoir has been some 
years in workmg order, and more land has been reclaimed as a 
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consequeiace. So it is probable that, given a water supply that is 
not insufficient during the growth o£ the plant, an absence of cotton 
worm during the blossoming, and favourable weather for the maturing 
of the bolls, a yield of from 6 to 6|- million kantars may be expected, 
but scarcely much more. 

The cotton crop is the most important of Lower Egypt's crops in that 
it is its main source of wealth. Next to the cotton crop in importance 
comes the maize crop, important as the poorer people's food supply. 
Before the Barrage became efficient, the ground was not prepared for. 
maize sowings by the usual system of shallow inundation until the 
commencing flood had raised the river levels considerably. But already 
in 1887 it appears that the date of sowing had commenced to advance. 
In a paper by Mr. Willcocks on " Irrigation in Lower Egypt," read on 
the 22nd February 1887 at the Institution of Civil Engineers, is this 
passage : — 

" The regulation of water for summer irrigation is thrown into great 
confusion, about the 15th July, by the cultivators on the summer 
canals taking water for their maize before the flood has really come. 
Flood irrigation, properly speaking, begins when the water is high 
enough to flow into the flood canals, which ordinarily takes place about 
the first week of August. Not satisfied with waiting for the flood, 
the larger cultivators on the summer canals, from about the 1 5th July, 
work their engines and water-wheels night and day, while the smaller 
ones turn out with kerosene tins worked as shadoofs, and a dozen other 
contrivances, to irrigate their lands and put in maize. Since the area 
under irrigation is trebled, while the supply of water at the heads of 
canals is unaltered, there results, as a natural consequence, a very serious 
deficiency of supply at the tails of the canals." 

Such is the record of the situation in 1887. Since then, in conse- 
quence of the improvement of the summer supply caused by the Bar- 
rage's increasing efficiency, and also because of a frequency .of years of 
favourable river discharges, the custom of sowing maize in July has 
spread from the comparatively few to the many, and the date for 
commencing has advanced still earlier, so that the first sowings now 
begin in June. At the same time, and following on the same causes, 
the cotton area has increased to such an extent that the total yield has 
almost, if not quite, doubled since 1887. And so it has come to pass 
that, in a year of bad summer supply, it is fouad necessary to forbid 
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the planting of maize until the flood has risen sufficiently to allow of 
it, in order to save the cotton crop from perishing of drought. The 
climax was reached in 1900, when, consequently, a Decree was issued 
forbidding, for that year, the commencement of maize sowings until 
the Ministry of Public Works should permit it. Within the Irrigation 
Service this measure Avas unanimously recognised as an absolute neces- 
sity : outside of it there Avere many that criticised it as a despotic and 
uncalled for interference with the liberty of the farmer to plant when 
and what he likes. And an unsuspected change, which had accom- 
panied the adoption of early sowings, was brought to notice. It seems 
that, when, some years back, the maize sowings commenced in August, 
the seed sown was that known as " durah shami " : but Avhen early 
sowings became more general, anew seed, known as " durah Americani," 
was introduced and Avas gradually suljstituted for the " durah shami." 
The American variet}' requires a longer period to reach maturity than 
the " shami " variety, and so the postponement of the time of sowing 
to the usual date of twenty years ago would mean the loss of the crop 
of the iieAv A^ariety, or at least a serious diminution of its yield. Fortu- 
nately, by July 1900, the Ncav Weirs Avere so far advanced towards 
completion that, bA' temporary expedients, it AA'as found possible to 
conduct the regulation of the Barrage as if the Weirs had been fully 
completed. And so, Avhen the riA^er at Cairo began to rise towards the 
end of July, the upstream level of the Barrage was brought rapidly 
up to R.L. 15"50 and all the canals were fully opened. With the dis- 
charges due to this level, the supply is sufficient to put in the maize 
crop ra^^idly without endangering the cotton. 

It is not to be expected, in Aiew of the approaching comj^letion of 
the Aswan reservoir, that Ave shall have in future Avorse conditions of 
summer suppl}' than those of 1900. As, then, the maize crop of that 
year Avas aboA^e the average, it may be considered that the Barrage 
with its Weirs has now made it possible not only to bring the cotton 
safely through a year of exceptional scarcity of water, but also to 
meet the demands made in the interest of the maize crop in such a 
sufficient manner that this crop also shall not suffer. 

MoreoA^er, the expense of raising these crops has been lessened : for 
the delivery of the water at a high level to the lands irrigated by the 
canals, Avhich draAV their supplies from aboA^e the Barrage, has caused a 
large saving in cost of lifting and in coal expended for working steam 
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pumps. Even the partial use of the Barrage m 1884 caused, according 
to the Railway returns, a falling off of 12,000 tons of coal supplied to 
the six principal towns of Lower Egypt during the first seven months 
of the year, and this in spite of the fact that many steam pumps 
use cotton stalks as fuel instead of coal. 

Another end gained l^y making the Barrage efficient was the avoid- 
dance of the necessity of adopting the alternative costly project of 
pumpmg stations, the working of which, as has been already shown, 
would have burdened the country with an annual expenditure of 
£E.248,500, ^A-hereas the yearly cost of maintaining and regulating 
the Barrage is about £E.10,000. 

Again, the raising of the water-level above the Barrage, combined 
with measures to maintain the Rayyah Beherah in an efficient state, 
(which have also been a great success,) resulted in the Province of 
Behera bemg given a better supply by flow than the pumps at Kha- 
tatbeh and Afteh, referred to before, could give by lift. So these 
pumps were no longer required and the expense of pumping was 
therefore economised. From 1886 to 1S89 this pumping had cost the 
Government annually from £E.80,000 to £E.90,000, made up of a 
yearly subsidy of ^E.26,320 and the remainder as payment for water 
lifted, calculated at the rate of sSE.42 per million cubic metres. 

As far as the fellaheen of Egypt are personally concerned, the 
greatest advantage gained by raising the water-level at the off -take of 
the main canals has been an enormous decrease in the quantity of silt 
clearance. This decrease has permitted of the abolition of the Corvee, 
and made it possible to maintain the canals by 2)aid labour working 
under contractors. The amount expended in Lower Eg}'})t on the 
work formerly done by the Corvee is now under £E. 200, 000. For 
this expenditure the necessary maintenance works are executed in a 
more satisfactory manner than was ever done by the unwieldy Corvee, 
canals are remodelled and some new works carried out every year. 
The number of unpaid labourers turned out to clear canals and repair 
banks in Lower Egypt (excluding Grizah) in 1883 was equivalent to 
106,616 men, working for 100 days. Li 1884 it was 88,299. Taking 
a man's labour per diem as worth 4 ^^iastres (1 franc), this labour 
was worth £E.426,466 in 1883 and £E.353,196 in 1884. And more- 
over, with these numbers, the work that Avas necessary was never 
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completed, and remodelling and new works had become out of the 
question. For not only were the nominal numbers msufficient, but the 
actual numbers were still more so. In 1885 the Inspectors of Irrigation 
reported that the Cor\ee Mould not turn out : and naturally, for the 
koorbash had been abolished, and no inducement had been substituted 
for it. Thus, the koorbash bemg abolished, it became necessary to 
substitute paid for unpaid labour, and this was only made possible by 
the economy in the maintenance charges of canals effected by the 
restoration of the Barrage. 

Huxley, in one of his " Lay Sermons, Addresses and Reviews " has 
this passage : — " it is to l)e feared there are naturalists in existence 
who look upon geology as Brindley regarded rivers. 'Rivers,' said the 
great engineer, 'were made to feed canals.'" The statement may be 
considered by less enthusiastic votaries of irrigation to be a little too 
comprehensive, but, if its a]Dplication be limited to the river of Egypt, it 
cannot be said that the actual purposes which the river is made to 
serve belie the assertion. Whatever may have been the purpose for 
which the Nile was made, it is certain it is now being compelled to feed 
canals aU the }ear round, and in summer to do nothing else. For, as it 
has been pointed out, the efficiency of the new closing gates, fitted to the 
Barrage, has made it possible to utilise the full discharge of the 
Nile during a bad summer, and to turn all the water into the 
canals for irrigation purposes ; and the construction of the new 
Weirs has added a further development to its efficiency by making 
it possible to take full advantage of the first increases of the com- 
mencing flood. But, Avith these gains, disadvantages are connected: 
the Nile Branches below the Barrage are rendered unhavigable, and 
salt water travels up the branches from the sea. To meet the first 
disadvantage, some of the prmcipal canals have been made navigable 
by the construction of locks ; and to meet the second objection, the 
canals in the north of the Delta have been connected- up with those 
fed from above the Barrage, so that irrigation and drinking water is 
provided by them to those villages and areas, which formerly obtained 
their supply in summer direct from the river. 

The one great objection to the high-level water obtained by regu- 
lation on the Barrage is the danger of damaging lands by infiltration. 
This has actually taken place in some situations. The remedy appears 
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to be a more complete system o£ drains and a more plentifnl supply 
for washing the lands. Money has been at length obtained both to dig 
the channels which will improve the drainage, and to make a storage 
reservoir which Avill to some extent improve the summer supply of 
water required for Avashing the salt out of the lands. 

There is one other objection urged to the Barrage, but it is a 
fanciful one. It is accused of creating above it a stagnant pool, which 
is said to be injurious to the health of the dwellers in Cairo. This 
accusation has been made chiefly on the authority of one or two misin- 
formed medical men, who adopt the post hoc proijter hoc system of 
reasoning. Through what is loosely termed a "stagnant" pool the 
whole Nile flows past Cairo in a channel of no great dimensions. The 
average minimum discharge of the Nfle in summer may be taken to 
be 30 million cubic metres a day, or 347 cubic metres a second. To 
caU a channel of 2,700 square metres, through which such a discharge 
passes, a stagnant pool, is to employ a misnomer ; and to consider that 
the reduction in the velocity of the flood, due to holding up at the 
Barrage, is a cause of serious danger to the health of Cairo is to show 
a want of appreciation of the general sanitary condition of the capital 
of Egypt. If the inhabitants can live in the atmosphere and under 
the conditions that all but a favoured few do in Cairo, they are not 
likely to be affected by the fact that, instead of the river flowing past 
the town at the mean rate of 14 kilometres a day, it flows at the rate 
of 11 kilometres a clay, the former rate being the mean velocity at 
lowest Mle with the Barrage open and the latter with it closed. The 
calculation of these velocities is made from a cross-section of the river 
taken just south of Gezireh Palace. 

There is then, very little to be said to the discredit of the Barrage 
but how much is there to be laid to its credit ! It has doubled the 
cotton crop, which is now worth tweh-e million pounds, and thereby 
secured the wealth of Lower Egypt. It has provided for the timely 
sowing of the maize crop and thus ensured to the people its food 
supply. It has lessened the cost of raising both these crops and so 
enriched the people. It has largely protected Lower Egypt from the 
effects of the lowest flood on record and by so doing secured the 
revenue and the crops. It has enabled the Government to substitute 
contract work for the scandal of the Corv(5e, and to acknowledge in a 
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practical way that the labourer is worthy o£ his hire. Judged by its 
performances it is a work to be proud of. The original conception of 
the project, to whomsoever it may belong, was a grand one. It was 
to the haste with which the work "\^'as fitfully urged along, that the 
early failure must be charged. Never was there a better illustration 
of "More haste less speed." For the work, that was commenced 
in 1843 and to ^^hich the stimulus of Mehemet All's impatience was 
applied in 1847 with fatal results to the Eosetta Barrage foundations, 
was still far from complete in 1853, as ^Ye see from the record of the 
state of the Eosetta Barrage in that year, left us by Linant Pasha. 
(Plate II). The Barrages were supposed to have been completed 
in 1861, but even then they had not been fitted with half the full 
number of gates. They had thus taken eighteen years to construct. 
Now, compare this "svith the record of the construction of the Assiout 
Barrage, which is almost as large as the two Delta Barrages combined, 
and has had to be built as one work across the undivided river. The 
preliminary work began in April 1898. Actual masonry began on 
4th May 1899, and the Barrage will be finished by April 1902, that is, 
in four years from the commencement of the first preliminaries. The 
work has not been unduly hurried, and its foundations have most 
unquestionabh' been laid with greater care and are more trustworthy 
than were those of the older work. 

We now know how bad the foundations of the first Barrage were, 

and can appreciate fully the courage of the attempt to restore the 

work in the face of the condenmation that was universally pronounced 

against it. The warnings of the cautious would have had it left alone 

to be a monument of confessed failure, and a witness, so lonp' as it 

should stand, of the impotence of the present age v\ithin full view of 

the enduring Pyramids of a more robust past. But the Barrage fell 

i]ito the hands of men, whose experience taught them to be bold 

without being rash, and who, having confidence in themselves, ventured 

A\hat more timid men A\ould not take in hand, in order that the country 

might win mach Ijy their successful daring, and the standing reproach 

of a useless Barrage be taken away from the builders of the nineteenth 

century. 

Contrast the effects of what was done under their able direction by 
the expenditure of half a million pounds on the Barrage with the 



— '79 — 

results of the reckless ill- spending o£ ninety millions when Ismail was 
Khedive. The borrowmg and spending of the larger sum brought the 
country to the verge of bankruptcy; the later comparatively small 
outlay helped largely to convert the condition of Egypt from pauperism 
to prosperity. To these men then, who made the feeble strong and 
gave the thirsty to drink, the land of Egypt owes a deep debt of 
gratitude : inasmuch as the Barrage at the Head of the Delta has been 
one of the chief instruments that, by skilful handling, has helped to 
bring about the regeneration of Egypt. 

But it no longer holds the proud position of bemg the largest 
irrigation work m Egypt. The Aswiin dam and the Assiout Barrage 
have put it in the third place so far as magiiitude of single separate 
works is concerned ; but yet I think it must be admitted that it still 
holds first place in point of importance. Of these three fine works, 
the Delta Barrage is the one that could be least spared, and it alone, 
so far, has a record of honourable ser\dce, rendered during the closing 
years of the nineteenth century. 

"Just a hundred years ago Egypt was lying politically and com- 
mercially dead under the indolent ret/ime of the worthless Mamelukes," 
Mr. Cameron remarks in his " Eg}'pt in the Nineteenth Century." 
And what is its condition non:, and what is the promise of its future ! 
There is no need to describe here the rapid growth of its prosperity 
during the latter part of the century. Lord Cromer's Annual Reports 
are the ofiicial and the best records of that growth. As for its future, 
Mr. Cameron, at the end of his book just named, indulges in the 
pleasant performance of prophesying smooth things for Egypt. The 
spirit of prophecy came upon him in the year 1898, and it would seem 
now, three years later, that he bids fair to become a true prophet. 
His book closes with tliis vision of the future : — 

" Egypt is a land of promise, a country with a great future in the 
twentieth century. The Nile ^vill have been opened up from Nyanza 
to the sea. We shall have railroads and steamers through the heart 
of the Soudan, the canal will revert to the State at the end of the 
concession in 1969, the pubhc debt will have been reduced to moderate 
dimensions, and, for its size, the province of Egypt \Aill have become 
the most valuable domain on the face of the globe." 

Since this prophecy was penned, the battle of Omdurman has been 
fought and Khartoum, with the Soudan, recovered : a waterway has 
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been cleared through the " Sadd" above Fashoda ; the AswS,n Dam and 
the Assiout Barrage have been begun and all the difficult work com- 
pleted ; the Ziftah Barrage has also been commenced. These repro- 
ductive works wiU be followed by others at short intervals, and 
prosperity wiU breed prosperity, until the prophecy is fulfilled and 
Egypt becomes, for its size, "the most valuable domain on the face of 
the globe." 

Nor will the proverb for Egypt be that of the land of Israel : — " The 
days are prolonged and every vision faileth;" but rather: "The days 
are at hand and the effect of every vision." 

(EZEKIEL XII, ^% 23). 
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